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RELIABILITY AND QUALITY ASSURANCE SYSTEM 
OF NEC’S SEMICONDUCTOR DEVICES 


GENERALS 


NEC has been manufacturing semiconductor devices 
readily adaptable to a large number of applications rang- 
ing from consumer goods up to space electronics, includ- 
ing communication and industrial systems. Best efforts 
have been made to have individual device soak up its 
inherent reliability and to control its quality so as to 
enable customers to use it with confidence. 

Descriptions on the reliability and quality assurance 
system for NEC semiconductor devices will be made for 
customer's information. 


Initial Failure 


Reliability 
Function 
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Mean life 





1. RELIABILITY OF SEMICONDUCTOR DE- 
VICES 
1-1. Function of Reliability 
It is natural that equipment and components have 
lower performance as the longer and the more frequent 
use of them. This means that reliability decreases with 
the increase in time and frequency of use. Although re- 
liability reduction depends greatly on the kinds of de- 
vices and the relationships between the kind and degree 
of stresses applied, failures modes can be roughly catego- 
rized into three modes by their natures as shown in 
Figure 1. 
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Figure 1. Failure Modes 











To make statistical study of these phenomena, dis- 
tribution functions, such as Weibull distribution, gamma 
distribution, logarithmic-normal distribution, etc., are 
discussed. Weibull distribution, among these, is most 
likely discussed and seems to be the most suitable as a 
reliability function for semiconductor devices. The 
reliability of these products are expressed by the fol- 
lowing factors in Weibull distribution. 
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Here, F( ) is gamma function. The relationship between m 


and r(1 +7) is shown in Figure 2. 
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Figure 2. Relationship between Shape Parameter m and 
Gamma Function 


This distribution function includes Location Para- 
meter: y, Scale Parameter: n, and Shape Parameter: m. 
The shape parameter can be utilized to determine the 
mode of each failure as follows: 

m<1 
m= 1 


Initial failure 
Random failure (exponential distri- 
bution) 


m> 1 
In checking whether the reliability function complies 


Wear-out failure 


with Weibull function or not and obtaining the above 
parameters, y, 7, m, Weibull probability paper can 
be utilized. 


1-2. Measure to Express Reliability, Failure Rate and 
Reliability Index. 

Failure rate is defined as ‘the rate that a system, 
equipment, devices (such as semiconductor devices), 
etc. which have been in operation would develop fail- 
ures per unit time .”' If reliability function is R(t), fail- 
ure rate which is also a function of time can be express- 
ed as 


R 1 

nt SE 

In general, failure rate has two kinds: instantaneous 
failure rate and mean failure rate. ‘Failure rate’ in a sim- 
ple statement often refers to instantaneous failure rate. 
The failure rate A(t) in this paper also means the same. 

Mean failure rate x(t) cah be obtained from the fol- 
lowing formula. 


Total number of failures in a certain period 


Xt 
(t) Total operating hours 


= n 


n 
2tinj + (no—n)t 
j= 


Where nj is the number of failures at time tj, n is the 
number of failures in the observation period t, and 
No is the number of devices put to testing or operation. 
When ng is sufficiently large, the mean failure rate can 
be expressed as follows: 


1—Rit) _ 1-Rit) 


At)= 5 => 
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where f(t) is probable density function. 

However, instantaneous failure rate A(t) and mean 
failure rate a(t) as defined above cannot easily be ob- 
tained from the test results or practical data. 

Therefore, the following formula has been used con- 
ventionally as the measure of failure rate. 





1 1-Rit): = on 
R(O) t nNoxt 





RI(t) = 


This expression has such a practical effect that the 
approximate number of failures in a certain period 
and thus the approximate reliability can be estimat- 
ed instantly. Here, Ri(t) is called reliability index and 
should be distinguished from A(t) and A(t). 

In discussing the results of accelerated life test, all 
of reliability jndex, instantaneous failure rate, and mean 
failure rate use %/1000 h as a rule. In describing the 
value in actual operation, the unit of 

FIT (failure in time) = 10° /h has been used in- 
creasingly. 

If it is proved that R(tj) is 99 % in a certain period of 
time tj, the mean failure rate after tj can be estimated as 
shown in Figure 3(a), the reliability index after tj as 
shown in Figure 3(b), and the instantaneous failure rate 
after tj; as shown in Figure 3(c). In the curves of Figure 
3(b), the value of reliability index is not constant but 
varies with time even with m = 1.0. On the contrary, in 
the curves of Figures 3{a) and 3{c), reliability factors 
are always constant regardless of time if m=1.0. Also, 
with m other than 1.0, the relationship between reliabili- 
ty factor and time shows considerable difference among 
Figures 3(a), 3(b), and 3(c). 

For this reason, the followings must be taken into ac- 
count. 

(1) Reliability index RI(t) may frequently be accompa- 
nied by some error when it is used as a direct mean to 
assume instantaneous failure rate A(t) and mean failure 
rate X(t). And such error would become greater as the 
value of m deviates more from 1.0. 

(2) 
exponential distribution, failure rate is said to be cons- 


If m=1.0, or reliability function is determined by 


tant regardless of time. However, this applies only to 
instantaneous failure rate and mean failure rate but not 
to reliability index. 


(a) Mean Failure Rate : X(t) 
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(c) Instantaneous Failure Rate : A(t) 





































































































Figure 3. Reliability to be Estimated after t=t; When 
R(t)=0.99 was Recognized 


1-3. Reliability of Equipment 

With the recent astounding progress in electronics, 
electronic equipment have become larger in size and 
more complicated in composition, which necessitates 
an extremely large number of components in system or 
a equipment. 

Suppose equipment has ng numbers of semiconduc- 
tor devices and is used under the condition that its t- 
hour-later reliability will be r(t), the reliability R(t) of 
this device based on the failures of the devices can be ob- 








tained from the following equation: 
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However, 


r(t) = exp Gy" exp AitL-t) 


Therefore, 
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And, furthermore, more appoximation can be attained 
as 


_ NoAIt) -t 


R(t)=1 = 


As seen from these equations, the more components are 
employed in an equipment the more careful considera- 
tion should be given to the selection and use of them. 

In considering the retiability of an equipment a meas- 
ure called MTBF (Mean Time Between Failures) is often 
used. MTBF is the average of operation times between 
failures, and the MTBF of the above-mentioned equip- 
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Initial Failure 
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ment which has ng numbers of semiconductor devices 
and is used under the condition that its t-hour-later ins- 
tantaneous failure rate will be A(t) based on the failures 
of its semiconductor devices is as follows: 
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2. FAILURES OF SEMICONDUCTOR DEVI- 
CES 

2-1. 
Conventionally, the failure rates of electronic com- 





Features of Semiconductor Device’s Failure 


ponents and those of system and equipment which in- 
corporate these components are often indicated by a 
bath-tub curve. Since, however, semiconductor devices 
may provide the shape parameter m which is smaller 
than 1 (i.e. 0.5 to 0.95 usually) so far as the conditions 
applied are not too specific, the failures of these devices 
will be classified into initial failure which shows a curve 
different from the bath-tub curve. That is, semiconduc- 
tor devices would have a longer initial failure time, more 
than 6 months in many cases, and the changing from ini- 
tial failure period to random failure period is not always 
distinct. These characteristics are illustrated in Figure 4. 
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Figure 4. Failure Rate Curves (Bath-tub Curve) for Semiconductor Devices and General Electric 


Components and Equipment 





For instance, reliability to be estimated after t=t; when 
R(tj)=99 % was recognized according to the value from 
shape parameter: m, as shown in Figure 5. 

This means that semiconductor devices have far long- 

er life than other equipment belong to exponential dis- 
tribution (m=1). 
In other words, the semiconductor devices which can be 
used without failure up to the period have longer reliabi- 
lity after that period, so regularly replacement for main- 
tenance will be detrimental for reliability of the equip- 
ment. 
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Figure 5. Reliability to be Estimated after t=tj when 
R (t)= 0.99 was recognized. 


2-2. Failure Analysis 

Failures of semiconductor devices are attributable to 
their own defects or their operating or environmental 
conditions. Figure 6 shows a result of failure investi- 
gations in terms of classified modes of failures after in- 
spection of the semiconductor devices that were return- 
ed in complaint of failure in the field. As indicated by 
the example, unexpectedly many failures can be attri- 
buted to design and use of the device, beyond expec- 
tations. 

In any case, failure investigation for semiconductor 
devices are quite important to the improvement of 
reliability and quality from the viewpoint of design, 
manufacture and application of those products. We 
are always making our best to study such investiga- 
tion results and feed them back to our development, 
design, manufacturing and sales departments so that 
they can be served to research and development of 
new devices, improvement of device, improvement 
of manufacturing and screening processes, study of 
inspection method, application technologies, etc., 
and thus to supply better products to every customers. 

In the following description, characteristics of fail- 
ures, reliability, and major failure modes of semiconduc- 


tor devices are discussed. 
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Figure 6. Result for Semiconductor Devices Failures 
Found in the Field (1977 ~ 1979) 
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2-3. Failure Mechanism 
1) Connecting Portion 

A package and elements are usually connected by 
gold wires, and this connecting portion can be the 
cause of failures. 

The material or size of wires and bonding methods 
are all fully taken into account in designing and manu- 
facturing so that they can meet the most severe of all 
the conditions thus assuring the quality of semiconduc- 


Table 1. 
Mechanical causes 


Failures 
in Con- 
necting 


; Chemical causes 
Portion 


Electrical causes 


2) Junction Region 

Junction region can be broken by the outbreak 
of surge or hot spot. Overvoltages applied from the out- 
side are considered to be the major causes of those 
breaks. 
3) Packaging 

As for the failures related to packages, failure modes 
are remarkably different according to their structures, 
but any package failure may be a cause of a serious fail- 
ure of semiconductor devices. 
4) Metallization Wiring 

Elements in a semiconductor device are usually con- 
nected together by aluminum metallization wiring. 
Failures related to this connection are, for example, 
scratches and current capacity shortage caused by a 
step portion of oxidization layer. Substandard devices 
have been removed by screening in the manufacturing 
process. If, however, devices are exposed to the condi- 
tions exceeding maximum rating, it cannot be avoided 
that the occurrence of open circuits in such weak points 
in metallization wiring. 

As the corrosion by the humidity of aluminum ele- 
ctrodes is caused by the coexistence of moisture and 





tor devices. However, if such products are exposed to 
the condition exceeding the rating, there may occur 
failures such as open or partial open. 

Some classified examples of failures in connecting 
portions are given in Table 1, and itis seen that similar 
failures may occur due to the faults in design or manu- 
facture. And very often it is difficult to find the causes 
of such failures by investigating the defective devices. 


Examples of Failures in Connecting Portion and Their Causes 


Excessive mechanical shock 
Incomplete bonding 
Defective pointed tools 
Inadequate wire shape 


Corrosion by contamination 
Formation of compounds among 
Al ~ Au metals 


Heating 
Heat generation by current 


Melting and fusing by excess current 
Misuse 
Surge 


an extremely smail quantity of impurities, the use of 
plastic molded packages may cause troubles; especially 
when the humidity is extremely high, it can not be deni- 
ed that plastic molded packages are inferior in reliability 
to hermetically sealed packages. 

5) Surface Deterioration 

Though the oxidized surface of semiconductor de- 
vices are protected with resin, the surface is sometimes 
deteriorated, and in many cases the deterioration is lia- 
ble to be accelerated by the effect of voltage or temper- 
ature. 

Surface deterioration — called channel — of those 
products sometimes causes an increase of leakage cur- 
reni, but heating of them will restore their characteristi- 
cs. The deterioration through channel formation is of- 
ten observed in forced deterioration tests, but it is hard- 
ly found in the field except for MOS devices. 

6) Incomplete Manufacture 

Failures due to incomplete manufacture may be caus- 
ed by, for example, imperfect diffusion process or in- 
complete chip mounting. However, the defective devi- 
ces owing to these failures are almost perfectly remov- 
ed through the above-mentioned quality contro! acti- 





vities in the manufacturing process, so practically no devices were described above, and in the following Table 


defective devices will be delivered to customers. 


Major failure features and modes of semiconductor 


Table 2. 
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2, kinds, modes, and causes of these failures are tabulat- 
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3. RELIABILITY AND QUALITY ASSURAN- 
CE SYSTEM FOR NEC SEMICONDUCTOR 
DEVICES 

3-1. Cycle of Reliability and Quality Control System 
Reliability and quality assurance of semiconductor 

devices can be achieved by building reliability into the 

devices in each process from market survey and collec- 
tion of user’s requirements to the development and 
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Production 
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manufacturing design, and purchase of materials and 
parts, and also by means of the direct quality assurance 
by the quality control, reliability test and examination 
relating to the manufacture, as well as the shipment 
control and after-sale service, all being performed under 
a consolidated system. 

The system is outlined in Figure 7. Control activities 
for each item in the system will be described below. 
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Figure 7. Cycle of Reliability and Quality Control System 


3-2. Order Received 

In order to manufacture and supply devices which 
meet the purpose of application, it is essential to build 
reliability and quality required or expected by the users 
at large into the design of the devices. Accordingly, 
prior to the development and order receiving kinds of 
equipment to be used and environmental conditions, 


circuit operations and so on, in addition to the per- 
formance required and allowabie field failure rates 
must be investigated together with the price, time for 
delivery and quantity, and then the development plan 
of new products and new order receiving plan are esta- 
blished. 





3-3. Development Design 

New product development plan is determined after 
careful investigations performed by various departments 
in charge of design, manufacturing engineering reliability 
and quality control and so forth. According to this deve- 
lopment plan, design, trial run and evaluation are per- 
formed. Mass production is released only when the eva- 
uation results which are fully satisfactory have been ob- 
tained. 

At the stage where the design has been completed, 
design review is performed to exclude defects in the 
design. In this review, the design is compared with the 
design standard, and other factors which influence the 
reliability and quality are examined carefully. As the 
result of it, if necessary, the design is partially modi- 
fied or entirely redesigned. 

When the design has passed the review, trial run is 
performed to check whether the product satisfies the 
required characteristics and reliability, and also to verify 
the stability in the manufacturing process. 

When the pre-production shifts to actual mass pro- 
duction, various kinds of reliability and quality verifi- 
cation test are performed by the reliability and quality 
contro] department in accordance with the quality veri- 
fication system. When it is confirmed that there is no 
problem in the quality, various standards for the mass 
production are made, and the mass production is start- 
ed. Processes described above are shown in Figure 8. 
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Figure 8. Flow Chart of New Product Development 


3-4. Manufacturing Design 

When it is confirmed that the quality required can be 
achieved by the quality verification system, the process 
shifts to the mass production based on the written mass 
production plan. Prior to the shift, however, the design 
department prepares a document for manufacturing plan 
including the reliability and quality control relating to 
the manufacturing processes, such as necessary materials, 
equipment, manufacturing conditions environment and 
so on, and thus establishes the mass production system. 
Even after the mass production has started, the stan- 
dards for the manufacture and control are always re- 
examined to improve and rationalize them. 


3-5. Purchase of Material 
Quality of materials and parts purchased is also an 











important factor which influences the reliability and 
quality of the final products. Therefore, quality con- 
trol for those materials and parts is performed care- 
fully and systematically. Purchase specifications have 
been established, and acceptance test is performed for 
those materials and parts to be purchased in accordance 
with the specifications. The test is performed mainly 
in accordance with sampling methods stipulated in 
MIL-STD-105. 

The acceptance test results are always examined and 
accumulated for each supplier and devices by the quality 
control department. If any of the materials and parts 
does not meet the specifications, NEC does make the 
supplier improve it. 

In addition to the utilization of test results, inspec- 
tion of the supplier's factory is performed periodical- 
ly or at any time to assure the required quality and to 
stabilize it. 


3-6. Manufacturing Process 

As described above, a plan has been established by 
which a satisfactory high quality can be expected at the 
stage of design. Furthermore, at the manufacturing 
stage, quality control is performed most carefully to 
maintain the quality aimed at the design. Factors which 
influence the quality at the manufacturing stage are 
main materials, subsidiary materials, manufacturing 
equipment, manufacturing conditions, workers, manu- 
facturing environments and so on. These factors must 
be controlled at the most suitable conditions. 
1) Subsidiary Materials 

Subsidiary materials such as high purity gas, chemi- 
cals, and deionized water are used in the manufacturing 
process, and those having quality which is suitable for 
the purpose of use must be selected. Inert gas to be en- 
closed in the semiconductor package and other gases 
such as hydrogen and oxygen to be used in the manu- 
facturing process are purchased from specified manu- 
facturer in accordance with the high purity specifi- 
cations especially established by NEC. Sometimes gases 
are directly sent to NEC factory for use through pipe 
lines extended from the gas manufacturer in order 
to maintain the purity of gas and for the economy. 
Chemicals and chemical materials of specific and high- 
est purity are used according to their usage. For in- 
stance, chemicals qualified in accordance with “NEC 


Semiconductor Specifications’’ which have been spe- 
cifically established by NEC are used to improve the 
quality of products, and this procedure has proved 
quite effective. 
2) Manufacturing Equipment 

Manufacturing equipment of high precision and 
stability is used not only to minimize failure rates, but 
also to reduce the drift in characteristics and to improve 
the reliability. In addition, automated equipment is used 
everywhere possible to prevent human errors. This 
method has proved to be effective especially in the 
manufacturing of devices and quality inspection. As the 
maintenance of the manufacturing equipment is essential 
to keep the stabilized quality, daily check, and periodi- 
cal check are standarized to keep the precision and to 
insure norma! operation of the equipment. Thus, special 
care is paid to keep the equipment in its best conditions. 
3) Manufacturing Conditions 

NEC enforces check of processing conditions every- 
where in the manufacturing process in order to perform 
perfect control of the manufacturing conditions. This is 
to prevent erroneous processings and malfunctioning of 
the manufacturing equipment, and is effective for the 
speedy adjustment of the misprocessing, supported by 
the intermediate inspection. This check is also executed 
at the key points in the course of processing on the most 
effective items at the most effective frequency. Neces- 
sary measures are immediately taken according to the 
check results. The results of check and measures taken 
are kept in records, which are utilized as the data for the 
improvement of process control. 
4) Manufacturing Environment 

Temperature, humidity and dust are important fac- 
tors influencing the quality. Semiconductor devices are 
sensitive to these factors, so the stringent control is ap- 
plied to keep these factors within the required limits 
throughout the manufacturing processes. Humidity is 
a quite important factor, since contaminating even the 
least amount of water influences the quality of the semi- 
conductor devices seriously. Some procéssings that 
require an extremely low humidity are carried out in a 
dry box maintaining the necessary low humidity. Small 
dirt and dust often affect the semiconductor devices 
having a minute structure seriously. Therefore, a strin- 
gent control corresponding to each grade is necessary 
to prevent them. In the factory, a control based on sti- 
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pulations of Fed-STD-209a is applied. For processings 
that require a specifically high cleanliness, clean room, 
clean bench, uniform of special make, etc. are adopted. 
Periodic measurement of dust and dirt in the room and 
over the clean bench is conducted, and if they do not 
meet the standards, the processings are stopped or im- 
proved. 

5) Screening 

As the semiconductor element devices have generally 
sensible structure, even if they may be made under a 
strict quality control and on a high grade line, some sub- 
standard devices which do not meet the quality stand- 
ards would inevitably be mixed with those of standard 
quality due to the distribution of materials and parts and 
processings, as well as the inaccuracy of the manu- 
facturing equipment and other various causes. In order 
to detect and remove these substandard products, sc- 
reening is performed. 

The screening is classified into two, i.e., an accelerat- 
ed aging and characteristic selection. The accelerated ag- 
ing stabilizes characteristics and at the same time detects 
substandard products by applying voltage, heat, mecha- 
nical shock of specified value. After the aging, a comp- 
lete inspection is performed by physical or electrical 
measurement to remove substandard products. The 
screening can remove substandard products which, can 
not be removed only by the characteristic inspection 
and tends to degrade the quality. Since the stability 
of characteristics of entire products is increased by the 
screening, the reliability is effectively improved by it. 
3-7. Inspection and Other Quality Assurance Activi- 
ties 
1) Inspection and Quality Assurance Activities 

In the manufacture of semiconductor devices, NEC 
has been making a full and continuous effort in build- 
ing reliability into the products as has been described 
above. For this purpose, NEC performs various controls 
putting emphasis on the key points throughout the 
entire manufacturing processes, and verifies and assures 
the quality at the final examination. A variety of auto- 
Matic measuring instruments is used for the intermediate 
test in the manufacturing process to obtain high effi- 
ciency and at the same time to exclude human errors. 
Results of the inspection are fed back to the preceeding 


process as an important quality information to improve 


the manufacturing procedures. 

At the final stage of the manufacturing process, quali- 
ty assurance test and warehousing inspection are per- 
formed to assure the reliability and quality of the pro- 
ducts. 

In general, the quality assurance test is roughly clas- 
sified into two, i.e., initial stage characteristic test which 
assures external view, outline dimension, electrical chara- 
cteristics and son on, and reliability test which assures 
life, failure rates, mechanical strength and so on. These 
tests are performed for almost all of the characteristics 
to be assured usually. However, when the distribution 
of characteristics sufficiently surpasses the standards or 
when the cost of the test is extremely high, the tests 
are sometimes simplified. Even in this case, verfification 
test is performed periodically at an appropriate interval. 
Inspection method and inspection item of the quality 
assurance test and warehousing inspection as the final 
inspection differ depending on the feature of the pro- 
ducts and user’s requirements. An example which is 
closest to the standard test method is shown in Table 3. 














Table 3. Sampling Inspection Plan and Average Outgoing Quality for Initial Characteristics 






Classifi- 
cation 


Open, Short, etc. 





Item that affect Reliability 
most strongly 





Breakdown Voltage 
Leakage Current, etc. 










Item that affect Dynamic 
Characteristic most strongly, 
and also affect Reliability 


Minor 
Defect 









(hee, VCE (sat): NV, etc.) 


Item that not affect Reliability 
much, but affect Dynamic 
Characteristics 







(fT, Cop, etc.) 






ltem that not affect Reliability 


(Appearance, etc.) 


No Marking, Wrong Configuration 


LTPD 1% oe 0000.02 % 


LTPD 3% ai A0Q 0.3 % 
LTPD 5% fa AOQ 0.5% 
LTPD 7% my AOQ 1% 












or Dynamic Characteristic much 












*Sampling 
Inspection 
Plan 


Average 
Outgoing 
Quality 





Acceptance 
Limit 


LTPD 10% AOO. 2 % 


* by MIL-STD-19500 Sampling Inspection Table 


2) Other Quality Assurance Activities 

Quality control system for the manufacturing of 
semiconductor devices is as described above, and a num- 
ber of other quality control activities associated with 
the system are performed. Of these, a few major activi- 
ties will be explained below. 
(a) Periodic Process Test 

Manufacturing process test is performed 1~2 times 
a month for the purpose of checking the actual con- 
dition of standard processing and maintenance condi- 
tion of the manufacturing equipment and measuring 
instrument. In this test, the detection and adjustment 
of discrepancy between the specified processing and 
actual processing, as well as the check of periodical 
maintenance and calibration of the manufacturing equip- 
ment and measuring instruments are performed. In addi- 
tion, Manufacturing environments such as temperature, 
humidity, water, gas, dust, etc. are also periodically in- 
spected. 
(b) Utilization of Work History 

Work history in the manufacturing process is record- 
ed in the work history card. The record is utilized as 
follows: 


(i) Investigation of control condition and feed back of 
; the results to the relevant area 

(ii) Analysis of process quality drift 

(iii) Analysis of manufacture total yield rate drift 

(iv) Statistical investigation of process yield rate 

(v) Statistical investigation of manufacture total yield 
rate’ 

(vi) Lot tracing investigation of rejected devices return- 
ed from users 

(vii) Statistical control of the loss. 

(c) Control of Abnormality 

When any abnormality occurred in any stage of in- 
coming, manufacturing and final inspections, it is re- 
ported immediately to the reliability and quality control 
department and also to every other department concern- 
ed, and immediate counter-measures are taken. 

Figure 9 shows abnormality reporting rdute. Abnor- 
mal lot determination standard is established based on 
the lot distribution status and reliability. Even after the 
establishment of the standard, it is periodically checked 
up with the process capability, and its appropriateness is 
examined. 

Quality control of. semiconductor devices in the 





manufacturing process has been outlined above, and the quality control system is shown in Figure 10. 
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Figure 9. Abnormality Reporting Route 






Acceptance Inspection 
(According to Acceptance tnspection Standards) 


Parts 
& Materials 


Process Quality Control 
PCheck ot Each Condition of Process Quality Control Procedures 
2 Process Inspection 
3 Lot Control 
4 Equipment Maintenance 


Rejection of tnitial Electrical Characteristics Defects 
Electrical Characteristics Stabilization 

Thermal Screening 

<2 Mechanical Screening 

BDeElectrical Screening 

Hermetic Seal Test 


100% Sorting of Electrical Characteristics 


BES Periodic Calibration of Measuring Instruments 


Sampling Inspection (Dimension, Visuat, Electrica! Characteristics) 
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Figure 10(a) General Process Flow Chart 
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OC) Chip Mounting Chip Mounting 


Visual Inspection Visual Inspection 
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C) Visual Inspection 
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Figure 10(d) Manufacturing Process of Glass Package Diodes 


(d) Control System of Engineering Changes 

In order that our semiconductor devices may be used 
with satisfaction by our customers, needless to say 
stable level of reliability must always be maintained, and 
in addition, we deem that the improvement of reliability 
to keep up with the requirements of the times is also an 
important factor. 

In order to create a stable reliability level, strict reli- 
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ability and quality assurance control is exercised through 
the aggregation of the feed-forward and feed-back of 
date of the principal processes that affect the reliability 
of products, the adoption of 
methods and structural materials for semiconductor de- 


improved production 


vices in step with the advances of technology, and the 
study of field data. However, we never rest satisfied with 
once established standards and are constantly making ef- 











forts to improve the reliability of products to meet the 
requirements of our customers. 

When undertaking revisions of the design or manu- 
facturing processes that are brought about by the above 
improvements, basically the problem is grappled with 
employing the same idea as when developing and mass 


( 


(The Case of New Products) 






Development 
Council 


When changes are made in Design, Processing 
Materials, Sources of Purchase, Production 
Piant or Equipment etc. 





producing new product, and thorough evaluation and 
starting-up control are exercised. Changes in the control 
system brought about by the above revisions will differ 
according to the extent of the revision, an example is 
shown in Figure 11. 
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Change Plan 
Document 


\ 
Point of feedback 


depends on the dere) 
of the change. 


( 
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Design Reliability Test 


Decision on 
Continuance of 
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Figure 11. Control System for Engineering Changes 
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(Field Information) 


416 





3-8. Shipment 

Products which passed the final inspection are put in 
a container suitable for storage. Each container accommo- 
dates a fixed number of products and is stored in the 
product warehouse. These products are controlled so 
that they are not stored in the warehouse too long. For 
shipment, outgoing inspection is performed based on the 
specification which is set with due care for the quality 
degradation. Devices are packed up in due method such 
as individual divice packing, internal and external pack- 
ing, and are transported in such a best way appropriate 
for delivery. 

The control status of storage and shipment is checked 
by periodic patrol of the quality control department to 
find out problems and to correct them. 


3-9. After-Sale Service 

Field quality information after shipment is an essen- 
tial factor for improvement of product quality. Especial- 
ly, investigation of field failure and feed back of the 
investigation results are the duty and service for custom- 
ers and also these data serve as direct guides to the im- 


provement of reliability and quality. So best effort has 





been made on this point. 

Devices which have failed after shipment are return- 
ed by user’s requirement or NEC request. Sales depart- 
ment investigates in detail the devices used, circuit, pro- 
cess to the failure, and failure occurring condition, and 
makes failure investigation card. The card is sent to 
the investigation department together with the device 
failed. 

The investigation department investigates characteris- 
tics of the returned device and its internal structure to 
probe into the cause of the failure. The results of the in- 
vestigation are fed back to the user and departments in 
charge of manufacture, to obtain a user’s consent and 
to be used for the improvement of quality. Figure 12. 
shows the route of these processings. Collection of in- 
formation, investigation and summing up of field fail- 
ures of semiconductor devices are carried out with co- 
operation of users, and a large amount of data have been 
accumulated. Correlation between these data and forced 
deterioration test, process quality information, inspec- 
tion results and so on are studied, and good results have 
been obtained in improving reliability and quality of 
products. 


@ Claim, complaint 





Sales Department 


e lf required, send devices to 
Product Dept. 










e@ Failure analysis 


R & OC Dept. 
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Figure 12. Procedure Route for Claim and Complaint 
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4. RELIABILITY OF NEC SEMICONDUCTOR 

DEVICES 
4-1, Reliability Test 

As described in preceding paragraph, NEC semicon- 
ductor devices are designed, manufactured, managed so 
as to maintain high reliability and quality. Method of 
reliability test to be performed to verify the reliability 
will be described below. 

The reliability test of semiconductor devices is exe- 
cuted mainly in accordance with MIL-STD-750, MIL- 
STD-202, JIS-C-7021, etc. Especially for the semi- 
conductor devices, accelerated operating life test at 
maximum rating is performed, putting emphasis on im- 


Table 4. Reliability Test (Small Signal Transistors) 
(a} Example of Reliability Test (Small Signal Transistors) 


Applied Test 
Method 
JIS-C-7021 


MIL-STD- 


202 750 


Correlative Test Method 
MIL-STD- 





Solderability A-2 


208 2026 


portant points. In addition, high temperature high 
humidity test and pressurized vapor test are applied as 
Moisture resistance test for the plastic package of which 
material characteristic is rather important. 


4-2. Example of Reliability Test Result 

Following data show the reliability test results of 
NEC semiconductor devices. 

These test data are evaluated as a whole together with 
the number of failures and check results of the charac- 
teristic drift occuring as time elapses, and are used for 
the estimation of field failure rates. 


Number 
of Samples 
/Lot 


Acceptance 
Number 
Ac = 


Condition 





Tso} = 230 °C, 5 sec. 


Once with Flux 22 0 





+—~ 
Soldering Heat 


Temperature 
Cycling 


A-1 
Condition: A 


210 


Condition: B 2031 








Thermai Shock 


Method: il 


1051 


1056 
Condition: B 


Tso} = 260 °C, 10 sec. 


Once without Fiux 22 





Tstg min. ~ Tstg max. 
30 min., 30 min. 

30 cycles 
Ta=100~0°C 

5 min., 5 min., 5 cycles 








Terminal Strength 


(Lead Fatigue) 


211 


2036 
Condition: C | Condition E 


W = 227 9,90° 
3 times 





A-12 


Condition: B 


Salt Spray 101 





| 1042 


Ta = 35 °C, 5% 
24 hours 





Steady-State 
Operation 


1026 





Ta = 25 °C, PT max. 
1000 hours 





High Temperature 


Storage et 


Tstg max. 
1000 hours 





+——___— 


Low Temperature 
Storage 


High Temperature 
High Humidity 
Storage 


B-11 
Condition: B or C 








Pressure * 
Cooker 





Tstg min. 

1000 hours 

Ta=60 °C, RH=90%, 1000 hours 
or 

Ta=85 °C, RH=85%, 500 hours 





Ta = 125 °C, RH=100% 
2.3 atm., 24 hours 





Boiling * 


Ta = 100 °C, 24 hours 
In Tap Water 





Ta = 25 °C, 3.5 atm. 
24 hours 








High Temperature* 
Reverse Bias 





* When applicable, this test is performed. 


Tstg max., 1000 hours 
VCB max. x 0.8 





41a 








(b) Failure Criterion (Small Signal Transistors) 


Life End Limit 
Paramet Ss 5 
isi ante | MAX. | MAX. ee 
50 







| MIN. 
feaieioccnotowen | tego | - | oe? [oa 
fiw GuotiGwren [reso [| vst? [a 
foccwencen [tee | Sens [tei | 
re vorton avo [ anre | —s [ | w 


Note 1) USL: Upper Specification Limit 
2) LSL: Lower Specification Limit 
3) Ahfe = Initial Value/After Test Value 





(c) Environmental Test Result (Small! Signal Transistors) 


Type No. 





Condition 
Number of |Number of| Number of 
Samples Failure Samples 


2SC945 28A733 


Number of 
Failure 





" Tso|=230 °C, 
Solderability LE sie rts . 352 eee 4 352 ) 


Tso] = 260 °C,5 5 
Once without Flux 


Tstg = —55 ~ +125 °C 
30 min.,30 min., 30 cycles 


Ta =0~100 °C 
5 min., 5 min., 5 cycles 


Terminal Strength W=227 g,90 °C 


Soldering Heat 352 0 352 
Temperature Cycling 0 


Thermal Shock 








0 





(Lead Fatigue) 3 times 


=36 % 9 
Salt Spray fase. Ce Pie 176 


24 hours 
Ta = 125 °C, RH = 100% | 


2.3 atm., 24 hours 





Pressure Cooker 660 





— 7 
Ta=100 C,24 hours 


| Tap Water 





| 
area ale 
1320 
4 
1320 





Ta =25 ne 3.5 atm. 
24 hours 

















(d) Life Test Result (Small Signal Transistors) 


2SC945 2S8A733 





Condition ** Number of | Failure Rate* | Number of | Total Test | 


Number of 
Failure 


Failure Rate* 
({%/1000 h) 





Failure (%/1000 h) Samples Time (h) 
as —- 


= 





Steady-State Operation 


° 
Tas eo Gh Ts 200, mW 1.2 x 108 0 0.076 1200 | 1.2.x 10° 


0 





High Temperature Storage | Ta = 125 °c; 1000 hours 1.2x 10° 0 0.076 1200 1.2 x 10° 


| Veg = 25 V, 1000 hours 


ie) 





Low Temperature Storage | Ta = —55 °C, 1000 hours 1.2 x 10° 0 0.076 1200 1.2 x 10° 





High Temperature Ta =60 °C,RH=90% 
High Humidity Storage 1000 hours 


i = 


1.2 x 10° 0.076 1200 1.2 x 108 





High Temperature Ta = 125 °C, Vcp=25V 


Reverse Bias 





i 6 
1000 hours 0.6 x 10 0.150 600 | 06x10 

















* Confidence Level : 60% 
**Negative sign for PNP type is omitted. 


an 








Table 5. Reliability Test (Plastic Molded Diodes) 
(a) Example of Reliability Test (Plastic Molded Diodes) 


Solderability A-2 208 2026 


Temperature 
Cycling 


4 


Applied Test 
Method 
JIS-C-7021 


A-4 


Correlative Test Method 


MIL-STD- 
202 


MIL-STD- 
750 


1051 





Number 
Condition 
/Lot 


of Samples 


Acceptance 
Number 
Ac = 





Ts01=230 °C, 5s 
Once with Flux 

Tstg min. ~ Tstg max. 
30 min., 30 min. 

30 cycles 


0 





Thermal Shock 


Mechanical Shock 


Vibration 
(Variable Fre- 
quency) 


_ 


A-3 
Method: II 


1056 


Ta=100~0°C 
5 min., 5 min., 5 cycles 





A-7 
Condition: F 


r 
+ 


zc Condition: B 


2016 











A—10 
Condition: D 





Terminal Strength 
(Lead Fagigue) 


Salt Spray 


High Temperature 
Storage 





Low Temperature 
Storage 


High Temperature 
High Humidity 
Reverse Bias 


A-12 
Condition: B 


B 


—10 
B-12 


211 2036 
Condition: C | Condition: E 


101 1041 
0 


1 1031 








High Temperature B13 de _ 
Reverse Bias 


1500G,0.5 ms., 3 times 
Each direction of X,Y 
and Z Axis 





100 ~ 2000 ~ 100 Hz,20G 
4 min., 4 times, Each direction 








Ta = 35 °C, 5% 
24 hours 





Tstg max. 
1000 hours 





Tstg min. 
1000 hours 





Specified VR, Ta 
1000 hours 





Specified VR, Ta, RH 
1000 hours 








(b) Failure Criterion (Plastic Molded Diodes) 


Parameter 


Forward Voltage 


Note 


VE 





USL : Upper Specification Limit 


arn 





(c) Environmental Test Result (Plastic Molded Diodes) 


Condition 





Solderability 


Tso1 = 230 °C, 5 sec. 
Once with Flux 





Temperature Cycling 


Tstg = —65 ~ +125 °C 
30 min.,30 min.,5 cycles 





Thermal Shock 


Mechanical Shock 


Vibration 


(Variable Frequency) 


Terminal Strength 
(Lead Fatigue) 


Salt Spray 





Ta =0~ 100°C 
5 min., 5 min., 5 cycles 
1500G , 0.5 ms., 3 times 


Each direction of X,Y 
and Z Axis 


100 ~2000 ~ 100 Hz,20G 
4 min., 4 times 

Each direction of X,Y and 
Z Axis 


W=227 g,90 °C 
3 times 


Ta = 35 °C,5 % 
24 hours 





(d) Life Test Result (Plastic Molded Diodes) 


Condition 


1$2208 


Number of 
Samples 


Number of 
Failure 








Number of | Total Test 


1$2208 


Number of 
Failure 


Type No. 


Time (h) 











High Temperature Storage 





Low Temperature Storage 


Ta = 125 °C, 1000 h 
Ta = —65 °C, 1000h 





High Temperature 
Reverse Bias 


Ta = 125 °C, Vq = 28V 


1000 h 





High Temperature 
High Humidity 
Reverse Bias 


* Confidence Level : 60 % 


Ta =4¢ °c, RH=90% 
Vp =28V,1000h 


m1 


Failure Rate* 
(%/1000 h) 











Table 6. Reliability Test (Glass Package Diodes) 
(a) Example of Reliability Test (Glass Package Diodes) 















Correlative Test Method 
MIL-STD- MIL-STD- 
202 750 


210 
Condition: B 












Applied Test 
Method 
JIS-C-7021 


A-1 
Condition: A 


Number 
of Samples 
/Lot 


Acceptance 
Number 
Ac = 
















Condition 
















T50|=260 °C, 10s 
Once without Flux 









2031 






Soldering Heat 22 6) 





























Tstg min. ~ Tstg max. 
30 min., 30 min. 

5 cycles 
Ta=100~0°C 

5 min., 5 min., 5 cycles 





Temperature 
Cycling 










A-4 1051 


















A-3 
Method: I! 


1056 
Condition: B 






Therma! Shock 
















Moisture Resis- 
tance 
(Cyclic) 







A—5 
Method: | 









Specified Condition 


ape (Ta, RH), 10 cycles 









1500G, 0.5 ms., 3 times 
Each direction of X, Y 
and Z Axis 


















A-7 
Condition: F 





Mechanical Shock 











Vibration 
(Variable Fre- 
quency) 























A-10 
Condition: D 


100 ~ 2000 ~ 100 Hz,20G 
4 min., 4 times, Each direction 
of X, Y and Z Axis 


20000G, 1 min. 
212 2006 Each direction of X, Y 22 
and Z Axis 
211 2036 W = 227 9,90 ° re 
Condition: C{| Condition: E { 3 times 
A=12 Ta = 35 °C,5% 
a ag Condition: B ig Ee en ee 
Steady-State Ta =25 °c Specified |g, V 
B-2 = 1026 0. VR 20 
High Temperature Tstg max. 
Storage i — 2 
Low Temperature Tstg min. 


(b) Failure Criterion (Glass Package Diodes) 


22 ] 












A-9 
Condition: A 


Constant 
Accelation 





Terminal Strength 
(Lead Fatigue) 























Frew Guvert | ta_| 
Forward Voltage 


Note USL: Upper Specification Limit 





29 








(c) Environmental Test Result (Glass Package Diodes) 


18953 [ isss3s 
Item Condition Number eed Number of | Number of |Number of 
eed Failure Samples Failure 
? Tso} = 260 °C,10s 
Poshing: reat Once without Flux 
; Tstg = —65 ~ +125 °C 
‘Temperature Cyching 30 min., 30 min.,5 cycles 
=0~ 100°C 
Tbe malsnver u min.,5 min.,5 cycles P= 
Moisture Resistance Specified Condition 
. 264 
(Cyclic) 10 cycles 

















1500G,0.5 ms., 3 times 
Each direction of X, Y 
and Z Axis 


100 ~ 2000 ~ 100 Hz,20G 
4min., 4 times 

Each direction of X, Y and 
Z Axis 





Mechanical Shock 














Vibration 
(Variable Frequency) 










20000 G,1 min. 
Each direction of X,Y 
and Z Axis 


Terminal Strength W=227 g,90 =e 0 132 
(Lead Fatigue) 3 times 
Ta =35 Hon 5% 






Constant 
Accelation 











(d) Life Test Result (Glass Package Diodes) 


1$S53 
Condition Number of | Total Test | Number of | Failure Rate* {| Number of | Total Test | Number of | Failure Rate* 
Samples } Time (h) Failure (%/1000 h) Samples | Time (h) Failure, (%/1000 h) 








ce ae 
Ta = 25 °C, ig = 100 mA 
VR = 35 V, 1000 hours 


High Temperature Storage | Ta = 200 °C: 1000 hours 560 5.6 x 105 0 0.16 1520 45.2 x 105 
Low Temperature Storage | Ta = —65 en 1000 hours 560 5.6 x 108 10) 0.16 680 68 x 108 








Steady-State Operation 


560 5.6 x 10 ie} 0.16 880 8.8 x 108 ie) 0.10 


























* Confidence Level : 60% 
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(c) Glass Package Diodes 
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Figure 13. Presumed Mean Failure Rate 
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4-3. Procedure of Failure Analysis manufacturing process, reliability verification test and 


We analyze the failed semiconductor devices found in _ field use by following procedure in Figure 14. 





Failure or Defect 


Examination of Condition in Use 


Measurement of Electrical Characteristics 


Classification of Failure Mode 





Visual Inspection 
Visual Inspection 


X Ray Inspection 


Removal of Resin 


Visual Inspection 


















Baking and/or 
Environmental 
Tests 


Measurement of Electrical 


Characteristics of Pellet } 
Measurement of Electrical 


Characteristics 










Etching and/or 
other detailed 
Analysis 


Removal of Resin 


XMA_ Auger 
SEM : : 

V t 
Sectional Inspection 
etc. 


Measurement of Electrical 
Characteristics of Pellet 


Other Detailed 
Analysis 


Cleaning 


Classification of Failure Mechanism 
Corrective Actions 


Figure 14. Procedure of Failure Analysis 
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5. USE OF SEMICONDUCTOR DEVICES TO 

MAINTAIN RELIABILITY 

External factors that influence reliability of semicon- 
ductor devices are voltage, current, power, temperature, 
humidity, dust, gas, vibration, shock, radiation, etc. !n- 
fluential factors are so varied that if the devices are used 
improperly, expected reliability will not come true, no 
matter how reliably they were designed and manufactur- 
ed. 

As shown in Figure 6, 1/3~2/3 of the failed semi- 
conductor devices in use were chiefly damaged by some 
surge or other, and this is consipicuous among the fail- 
ures. Therefore, careful attention should be given to the 
following points in order to use the devices, without 
hurting their inherent reliability. 

(1) The most important factor influencing the reliabili- 
ty of the devices is the temperature generated at the 
junction region in actual applications. Therefore, for 
the increase of reliability, it is very effective to enhance 
heat dissipation capability by using radiators or to de- 
crease temperature rise in an equipment by improving 
the mounting of devices. 

(2) When power consumption is performed in pulses, 
it is necessary to see that the power or voltage does not 
exceed the absolute maximum ratings of the devices at 
the transient. In particular, when inductive loads such 
as relays or transformers are used, induced high voltage 
or surge is liable to be generated at ON-OFF operation 
of such devices. So it is very important to pay special 
attention to these points. Some devices have protection 
circuits to meet these conditions. 


(3) When power consumption is the same, a high oper- 
ating voltage usually causes a high failure rate. An exam- 
ple shows that when the voltage applied to a transistor 
was decreased to 50 % of absolute maximum rating, 
the failure rate reached 1/20 ~ 1/50. 

(4) It is absolutely necessary to avoid bending strongly 
the roots of leads of semiconductor devices when assem- 
bling or checking them. It is because glass or resin is 
always used at the roots of these leads. If stress is given 
to those parts, the reliability of the devices wil! be dete- 
riorated. 

(5) 
heated hastily at a high temperature or for a long time. 


In soldering, semiconductor devices must not be 


(6) For the semiconductor devices with mounting 
stud, the recommended torque value must be observed 
by using a torque wrench or other means; because too 
weak fastening will cause poor heat dissipation, and too 
strong fastening will cause semiconductor devices severe 
damages. 

(7) A semiconductor device is an element that is ext- 
remely sensitive to humidity. Therefore, it is important 
to use such a device packed in an appropriate material 
suited for the degree of ambient humidity and expected 
reliability. 

(8) The environment in which semiconductor devices 
are directly exposed to dust and dirt salt, or acid gas 
such as SO9 gas may be usually the cause of leakage 
between leads and elements or rust. 
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NEC 


ELECTRON DEVICE 


NPN SILICON TRANSISTORS 
2N3903,2N3904 


GENERAL PURPOSE SWITCHING AND AMPLIFIER 
NPN SILICON EPITAXIAL TRANSISTOR 





DESCRIPTION 
The 2N3903, 2N3904 are NPN transistors, designed for general purpose switching and amplifier application, feature 


injection-molded plastic package for high reliability. 


PACKAGE DIMENSIONS} =—s FEATURES : 
in inches (millimeters) @ High Power..... PT 625mW at 25°C 
@ High Voltage....VCEQ 40V 
0.204 MAX. @ High DC Current Gain..... hee 100~300 at 10mA (2N3904) 
(5.2MAX.) 


@ For Complementary Use with PNP Type 2N3905, 2N3906 


ABSOLUTE MAXIMUM RATINGS 
Maximum Voltages and Current (Ta=25 °C) 


% ix 
siz 
© | 
Q [6 
o 


= Collector to Base Voltage (RgE=°°) VCBO 60 Vv 
2 Collector to Emitter Voltage (Open Base) VCEO 40 V 
i Emitter to Base Voltage VEBO 6.0 Vv 

Collector Current Ic 200 mA 
Maximum Power Dissipation (Ta=25°C) 
Collector Power Dissipation Pc oe se 


mw/°c*1 


Derate above 25°C 5 
2.81 mW/°C*2 





Maximum Temperatures 


1. Emitter 
2. Base Storage Temperature Tstg —65 to 150 °C*) 
3. Collector JEDEC:TO-92 —55 to 135 °C*2 
Operating Junction Temperature Tj 150 °c*1 
135 ®C*2 
Thermal Resistance 
Junction to Ambient Rth 0.2 °C/mw 


*1 NEC guarantees these values in addition to the JEDEC registered values. 
*2 JEDEC registered values. 


2N3903,2N3904 NEC trectron nevice 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


2N3903 
CHARACTERISTIC 
Collector-Base Breakdown BVCBO 60 
Voltage 
Coilector-Emitter BVCEO*3 40 
Breakdown Voltage 


Emitter-Base Breakdown BVEBO 6.0 
Voltage 


Collector Cutoff Current 
Base Cutoff Current 











2N3904 
UNIT TEST CONDITIONS 


Vv Ic=10uA, IE=0 


Vv Ic=1.0mA, |p=0 


Je 
Vv IE=10pA, Ic=0 






















VCE=30V, VBE=—3V 
VCE=30V, Vag=—3V 
VCE=1.0V, Ic=100nA 
VcE=1.0V, Ic=imA 


ee=i.0v,1¢=50ma | 
7 ce=i.0v, 1e=100ma 
; Vv Ic=50mA, |p=5.0mA 
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*3 These parameters must be measured pulse techniques. tw < 300 us, duty cycle 2% 
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VcE=5.0V Jc=0.1mA, 
RG=1kQf=10Hz to 19.7 kHz 
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NEC ELECTRON DEVICE 


SWITCHING CHARACTERISTICS (Ta = 25°C) 


2N3903 
CHARACTERISTIC SYMBOL 


Delay Time 


Rise Time tr 








Storage Time tstg 





Fall Time tf 


SWITCHING TIME TEST CIRCUIT 


VeBp=-0.5V Vcc=t3.0V 


VouT 


ne 
. Livia 





tp <1.0 ns 
PW 2300 ns 
Duty cycle = 2% 


ton SWITCHING 


VeB = +11V Vcc = +3.0V 


a VIN 
—20V 
ae LI 


tp < 9.0 ns 
PW 2 300 ns 
Duty cycle = 2% 


toff SWITCHING 








2N3903,2N3904 


Vcc=3V, Veg=—0.5V 
Ic=10mA, Igy =1-0mA 
Vcc=3V, |c=10mA 
1g1=—-lIBp2=1mA 





ey ty 
ie 
| 
| 
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output = 1% 
90% 


VOLTAGE WAVEFORMS 


INPUT | | 


Ta stg pe 
mt tt 
| 710% 
OUTPUT 
90% 
VOLTAGE WAVEFORMS 


2N3903,2N3904 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


COLLECTOR POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


Pc—Maximum Coltector Power Dissipation —-mW 


he E—DC Current Gain 


t¢—Collector Current —-mA 
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N 
0 50 100 150 200 
Ta~Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 












































0 10 20 30 40 50 
VceE-—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 





































































































0.1 0.3 1.0 3.0 10 30 100 
\c—Collector Current —mA 


VcElsat) — Collector Saturation Voltage —V 


VBE (sat) — Base Saturation Voltage — V 


NEC ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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0 0.2 0.4 0.6 0.8 1.0 1.2 
Vee — Base to Emitter Voltage —V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 

















\¢—Collector Current —mA 
































0.4 0.8 1.2 1.6 2.0 
VceE—Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


Ic=10-1g 

















































































































0.1 0.3 1.0 3.0 10 30 100 
Ic—Collector Current —mA 


NEC ELECTRON DEVICE 


fy Gain Bandwidth Product —MHz 


GAIN BANOWIDTH PRODUCT vs. 
EMITTER CURRENT 
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te — Emitter Current — mA 


INPUT RESISTANCE vs. 
COLLECTOR CURRENT 
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I¢—Cotlector Current —mA 


2N3903,2N3904 


INPUT AND OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 
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I¢—Collector Current —-mA 


2N3903,2N3904 NEC ELECTRON DEVICE 















































































































































































































































































TURN-ON TIME vs. RISE TIME vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 
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NEC 


ELECTRON DEVICE 


DESCRIPTION 


PNP SILICON TRANSISTORS 
2N3905,2N3906 


GENERAL PURPOSE SWITCHING AND AMPLIFIER 
PNP SILICON EPITAXIAL TRANSISTOR 





The 2N3905, 2N3906 are PNP transistors, designed for general purpose switching and amplifier application, feature 


injection-molded plastic package for high reliability. 


PACKAGE DIMENSIONS 
in inches (millimeters) 


0.204 MAX. 
(5.2MAX.) 





0.216 MAX 
(5.5MAX.) 





0.551MIN. 
(14MIN.) 


(4.2MAX.) 


1. Emitter 
2. Base 
3.Collector JEDEC:TO-92 


FEATURES 
@ High Power ..... Pr 625mW at 25°C 
@ High Voltage ..... VcEO —40V 


@ High DC Current Gain hee 100 ~ 300 at —10mA (2N3906) 
@ For Complementary Use with NPN Type 2N3903, 2N3904 


ABSOLUTE MAXIMUM RATINGS 
Maximum Voltages and Current (Ta = 25°C) 


Collector to Base Voltage (RBE=°°) VCBO —40 
Collector to Emitter Voltage (Open Base) VCEO —40 
Emitter to Base Voltage VEBO —5.0 
Collector Current Ic —200 
Maximum Power Dissipation (Ta=25°C) 
ee PC 625 
Collector Power Dissipation 310 
Derate above 25°C 5 
2.81 
Maximum Temperatures 
Storage Temperature Tstg —65 to150 
—55 to135 
Operating Junction Temperature Tj 150 
; 135 
Thermal Resistance 
Junction to Ambient Rth 0.2 


*1 NEC guarantees these values in addition to the JEDEC registered values. 


*2 JEDEC registered values. 


V 
Vv 
V 
mA 


mWw* 1 
mWw*2 
mw/°C* 1 
mW/°C*2 
°C*1 
°C*2 
°C*t 
°C*2 


°C/mW 


2N3905,2N3906 NEC ELECTRON DEVICE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Collector-Base Breakdown BVCBO Ic=—10pA,|E=0 
Voltage 


Collector-Emitter Breakdown} BVCEQ*3 IC=—1.0mA,|B=0 
Voltage 


Emitter-Base Breakdown ‘ : lE=—10uA ,IC=0 
Voltage 


Collector Cutoff Current ICEX VCE=—30V ,VBE=3.0V 








Base Cutoff Current IBEX VcCE=—30V,VBE=3.0V 
| hFee1*3 VcE=—1.0V,IC=—0.1mA 
hFEQ*3 VcE=—1.0V ,lc=—1.0mA 


DC Current Gain hFE3*3 ~ | VcE=—1.0V,Ic=—10mA 


| hFEe4*3 | VcE=—1.0V,Ic=—50mA 
hFeE5*3 VCE=—1.0V,|C=—100mA 
Vv *3 nis | Ic=—10mA, Ig=—1.0mA 
eee: Is a | Cc mA, |B m 
VCE(sat)2 ie Lee | (c=-50mA,1B=—5.0mA 
VBE(sat)1" 3} 0.665 | _[ !c=-10mA,Ig=—1.0mA 
































Collector Saturation Voitage 








Base Saturation Voltage L 
VBE(sat)2*3|_ Ic¢=—50mA,1B=—5.0mA 


Gain Bandwidth Product af {200 | VCE=—20V,IC=-10mMA 











Output Capacitance | 4.9 | 45 _LPF Vcp=—5.0V ,lE=0,f=100 kHz 


Input Capacitance j a 10 pF VeEB=—0.5V ,IC=0,f=100kHz 


Input Impedance i ; : : 12 | kQ | VCE=—10V 

Voltage Feedback Ratio : ; 10 x10—-4 Ic=-1.0mA 

Small Sigaal Current Gain f=1.0kHz 
—- 




















Output Admittance 














— + 
Noise Figure . : VcE=—5V, |c=—-0.1mA 
RG=1kQ ,f=10Hz to 15.7kHz 




















*3 These parameters must be measured pulse techniques. tw<300ys, duty cycle 2% 


NEG crectron evict 












CHARACTERISTIC : 


SWITCHING TIME TEST CIRCUIT 


Vep=+0.6V Vce=—-3.0V 


PW 2300 ns 
Duty cycle = 2% 
ton SWITCHING 


Vep=-11V Voc =—3.0V 


0 VIN 


tr <1.0 ns. 

PW 2 300 ns 

Duty cycle = 2% 
toftf SWITCHING. 


SWITCHING CHARACTERISTICS fee 


eee 
‘syMBot =e UNIT 


aoe et eet ace 
ee ee ae ee te 
2 a OC 








3905, 2N3906 












TEST CONDITIONS | 








Vec=-3V,Vgp20.5V 
[ns | g==10mA, te1= =—1.0mA 
Voc==3V.IC=—10mA 

















OUTPUT 


VOLTAGE WAVEFORMS 





VOLTAGE WAVEFORMS 


2N3905,2N3906 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


COLLECTOR POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 

















Po— Maximum Collector Power Dissipation —mW 





200 


Ta — Ambient Temperature — °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 




















\c-Collector Current —mA 









































0 -10 -40 
VcE — Collector to Emitter Voitage—V 


DC CURRENT GAIN vs. 





hee—DC Current Gain 












































-3.0 
{c—Collector Current—mA 


-1.0 —30 


an 


I¢—Collector Current —mA 


VcE(sat)—Collector Saturation Voltage—V 


NEC crectron pevice 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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VBE — Base to Emitter Voitage —V 
COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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Qo ~0.4 


-0.8 
VcE-Collector to Emitter Voltage—V 


1,2 —1.6 


BASE AND COLLECTOR SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


Ic=10-1g 
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(sat)—Base Saturation Voltage 
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I¢—Collector Current—mA 


NEC ELECTRON DEVICE 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 
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f>—Gain Bandwidth Product —MHz 

















Ie—Emitter Current —mA 


INPUT RESISTANCE vs. 
COLLECTOR CURRENT 








hie— Input Resistance —k 2 


















































~0.1 -0.3 1.0 —3.0 10 
te—Collector Current —mA 


SMALL SIGNAL CURRENT GAIN vs. 
COLLECTOR CURRENT 















































hte —Smalt Signai Current Gain 


























~0.1 0.3 —1.0 3.0 —10 
I¢—Coltector Current —mA 








hHoe—Output Admittance —uu 


Cob — Output Capacitance ~pF 
Cib — Input Capacitance —pF 


hre ~Voltage Feedback Ratio — x10-4 


2N3905,2N3906 


INPUT AND OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 


f=1.0MHz 
tg=0 (Cob) 
Ic=0 (Cib) 





























































































































—0.1 —0.3 -1.0 —3.0 —10 —30 —100 
Vcp — Collector to Base Voitage—V 
Vege — Base to Emitter Voltage — V 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 








Vce=—10V 









































I¢—Collector Current —-mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 





































































































I¢--Collector Current —-mA 





2N3905, 2N3906 NEC tcectron vevice 


RISE TIME vs. 
COLLECTOR CURRENT 


TURN-ON TIME vs. 


COLLECTOR CURRENT 
1000 SSE SS Saw ee 
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—200 -2.0 —4.0-6.0-8.0-10 —20 -40 -60-80-100 -200 


0 
-2.0 —-4.0 -6.0-8.0-10 -20 -40 -60-—80-100 
tc~Collector Current—mA 


I¢—Collector Current—mA 














STORAGE TIME vs. FALL TIME vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 
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NEC NPN SILICON TRANSISTORS 
ELECTRON DEVICE IN41 23.2N41 24. 


GENERAL PURPOSE SWITCHING AND AMPLIFIER 
NPN SILICON EPITAXIAL TRANSISTOR 





DESCRIPTION 


2N4123, 2N4124 are NPN transistors, designed for general purpose switching and amplifier applications, feature 


injection-molded plastic package for high reliability. 


PACKAGE DIMENSIONS FEATURES 











in inches (millimeter) @ High Power ... PT 625mW at 25°C 
(5.2MAX.) @ HighhFe .... 120-—360 at 2mA (2N4124) 
0.204MAX. 
@ For Complementary Use with PNP Type 2N4125, 2N4126 
ef 
23, ABSOLUTE MAXIMUM RATINGS 
36 
ws Maximum Voltages and Current (Ta=25°C) 2N4123  2N4124 
+ Collector to Base Voltage (RBE=-) VCBO 40 30 V 
0.02 32 Collector to Emitter Voltage (Open Base) VCEO 30 25 V 
35 Emitter to Base Voltage VEBO <) 5 Vv 
oe Collector Current Ic 200 mA 


Maximum Power Dissipation (Ta=25°C) 

















* 
Ax Total Power Dissipation PT 625 mw" 
as 310 mw*2 
7X50 ° 
XP Qe 5 mw/-C*1 
coor g 
28 IS Derate above 25 C 281 mw/°C *2 
=o Maximum Temperatures 
Storage Temperature Tstg —65to +150 °C*1 
1. Emitter JEDEC : TO-92 —55to +135 °C*2 
2.B 
3 sae Operating Junction Temperature Tj uct oe. 
; 135 ®C*2 


Thermal Resistance : 
Junction to Ambient Rth 0.2 C/mW 


*1 NEC guarantees these value in addition to the JEDEC registered values. 
*2  JEDEC registered values. 


2N4123,2N4124 NEC tuecreon vevice 


*3 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


CHARACTERISTIC SYMBOL 
Collector-Base 
BV 
Breakdown Voltage 
Collector-Emitter BVCEO*4 
Breakdown Voltage 
Emitter-Base BV 5.0 
Breakdown Voltage 
Collector Cutoff Current ICBO 
Emitter Cutoff Current lEBO 


h *4 
DC Current Gain 
hFE2*4 


Collector Saturation Voltage VCE(sat)*4 
Base Saturation Voltage VBE (sat) *4 





NO 
4 
ay 
— 
N 
oO 






UNIT TEST CONDITIONS 


Ic=10nA, IE=0 





ic=1.0mA, !gB=0 


= 
Z 


IE=10pA, IC=0 


A | Vcp=20V, lE=0 

nA VEB=3.0V, Ic=0 

IC=2.0mA, VCE=1.0V 

Ic = 50mA, VceE = 1.0V 
: Ic=50mA, IB=5.0mA 

0.9 Ic=50mA, 1p=5.0mA 


Small Signal Current Gain 200 1120 | 480 a IC=2.0mMA,VCE=10V ,f=1.0kHz 


|| emmaverenmonee 
Current Gain 
ft 250 | [300 | | MHz | Ic=10mA,VCE=20V,=100MHz 
Cob 20 [8] oF | Voa=80vie~ort00KHe 
jeo_[ [a0 | oF | Vvep-o8v.ic-0/-t00er | 
f=10Hz to 15.7kHz 
*3  JEDEC registered data for the 2N4123 and 2N4124. 
*4 These parameters must be measured pulse techniques. tw<300us, duty cycle <2% 





oO = 
BEEER 
— on 
S . N 
ro) ad oa N 
= 
olo W Zi 
co] w 21s 


oO 


qn N 














SWITCHING CHARACTERISTICS (Ta=25°C) 


Delay Time Ic=10mA, Vec=3V 
Rise Time VEB(off) = -0.5V, Ip1 = 1mA 
Storage Time | tg | t00— esos Ic=10mA, Vcc=3V 
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NEC ELECTRON DEVICE 


SWITCHING TIME TEST CIRCUIT 


VBB=—-0.5V. Vcc=+3.0V 


Vout 





tp <1.0 ns 
PW = 300 ns 
Duty cycle = 2% 


ton SWITCHING 


Veep =+t11V Vcc = +3.0V 


at 


Vv 
-20v | | IN 


+ 


tr< 9.0 ns 
PW 2 300 ns 
Duty cycle = 2% 


tore SWITCHING 





2N4123,2N4124 





VOLTAGE WAVEFORMS 


INPUT 







OUTPUT 


VOLTAGE WAVEFORMS 


2N4123,2N4124 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


AMBIENT TEMPERATURE 


TOTAL POWER DISSIPATION vs. 

























































































































































































800 
= 
E 
! 600 
c 
2 
‘= 
@ 
2 
B 
2 400 
o 
3 
5 
a 
r) 
- 
i 
; 200 
0 
0 50 100 150 200 
Ta—Ambient Temperature —°C 
COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
< 
€ 
7 
€ 
2 
5 
io) 
5 
3 
4 
2 
VceE—Collector to Emitter Voltage—V 
OC CURRENT GAIN vs. 
COLLECTOR CURRENT 
1000 
toe Vce=1.0V 
il ? A + : Hl 
500 tH aria? jammer 
PAV iiliaese rere 241 eee SST 
titiii -tt  a tty + 
Ta=75-C bs Hi 
200 al tae i \ | 
e —25°C \ \} 
8 Hae eas re ii a 
5 Hea i 
E 100 ft 
5 T TT ca 
o 
x4 st 
Oo 50 4 1+. 
w + t “eo 
E- | a —t 
20 —L 4—_. 
10 
0.1 0.3 1.0 3.0 10 30 100 


i¢—Collector Current —-mA 


18 


VCE(sat) — Collector Saturation Voltage —V 


VBE(sat) ~ Base Saturation Voltage — V 


{c—Coltector Current —mA 


NEC crictron DEVICE 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 




































































!c—Collector Current —mA 




















0.2 0.4 





VBE — Base to Emitter Voltage —V 


COLLECTOR CURRENT vs. 


COLLECTOR TO EMITTER VOLTAGE 


























0.4 08 














1.6 2.0 


Vce—Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


Ic=10-tB 
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— a: Lad 
Pieter 
———— 
iS 
po 




































































Ic—Collector Current —mA 


NEC ELECTRON DEVICE 


hig — Input Impedance — kz 


hfe — Small Signal Current Gain 


f7—Gain Bandwidth Product —MHz 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 















































Ig — Emitter Current — mA 


INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 



















































































Ic — Collector Current ~ mA 


SMALL SIGNAL CURRENT GAIN vs. 
pen COLLECTOR CURRENT 
1 SE CO CE EY ea ER we ed IN SR 
a Yt 
f=1kHz 































































I¢—Cotlector Current —-mA 





hre — Voltage Feedback Ratio —x10—4 


hoe — Output Admittance — xu 


Cob — Output Capacitance — pF 
Cib — Input Capacitance —pF 


2N4123,2N4124 


INPUT AND OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 


f=1.0MHz 
1e=0(Cob) 
i¢=0(Cib) 








tn 
HET ETT 
lll 


ell as 
Uf 
nt 






































Vcp — Collector to Base Voitage —V 
Veg — Emitter to Base Voltage — V 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 





Vce=10V 
f=1TkHz 















































=r: 


“Oo. 03 1.0 3.0 


t¢ — Collector Current —-mA 
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OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 


ees 
ae 
























































i¢—Collector Current -mA 





2N4123,2N4124 


ton—Turn-on Time—ns 


tstg —Storage Time—ns 








TURN-ON TIME vs. 
COLLECTOR CURRENT 




























































































2.0 4.0 6.0 8.010 20 ° 40 60 80100 200 


Ic—Collector Current—mA 


STORAGE TIME vs. 
COLLECTOR CURRENT 


























2.0 40 6.0 8.010 20 40 60 80100 200 


\c—Collector Current—mA 


tr--Rise Time—ns 


t¢—Fail Time—ns 


NE ELECTRON DEVICE 


RISE TIME vs. 
COLLECTOR CURRENT 
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2.0 4.0 608.010 20 40 60 80100 200 


t¢—Collector Current—mA 


FALL TIME vs. 
COLLECTOR CURRENT 


Vcc=30V 
1B1=—IB2 















































0 
2.0 4.0 608.010 20 40 60 80100 200 


'c—Coltector Current—mA 


NEC PNP SILICON TRANSISTORS 
ELECTRON DEVICE IN41 25.2N41 26 


GENERAL PURPOSE SWITCHING AND AMPLIFIER 
PNP SILICON EPITAXIAL TRANSISTOR 





DESCRIPTION 


2N4125, 2N4126 are PNP transistors, designed for general purpose switching and amplifier applications, feature 
injection-molded plastic package for high reliability. 


PACKAGE DIMENSIONS FEATURES 
in (millimeters) inches @ High Power PT 625 mW at 25 °C 
(5.2 MAX.) ® High hFE 120 ~ 360 at 2 mA (2N4126) 
0.204 MAX. 
@ For Complementary Use with NPN Type 2N4123, 2N4124 

















=x 
x< 
<s 
s 
as ABSOLUTE MAXIMUM RATINGS 
~oO 
Maximum Voltages and Current (Ta=25 °C) 2N4125 =. 2N4126 
05) 2 Collector to Base Voltage (RRE=°°) VCBO —30 —25 V 
: : 02 — 
als $2 Collector to Emitter Voltage (Open Base) VcCEQ —30 25 V 
6 Emitter to Base Voltage VEBO —4.0 —4.0 V 
Collector Current Ic —200 mA 
(1,27) 
bs a Maximum Power Dissipation (Ta=25 °C) 
xf 
=x $2 Total Power Dissipation P+ 625 mw" 1 
agge 310 mw*2 
rg eae Derate above 25 °C 5 mw ce 
ee 2.81 mWw/"C*2 
Maximum Temperatures 
1. Emitter JEDEC : TO-92 Storage Temperature Tstg —65 to+150  °C*1 
b Biace —§5to+135 °C*2 
, Operating Junction Temperature Tj 150 °C*1 
3. Collector 135 °C*2 
Thermal Resistance 
Junction to Ambient Rth 0.2 °C/mw 


*1 NEC guarantees these value in addition to the JEDEC registered values. 
*2  JEDEC registered values. 


2N4125,2N4126 


*3 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) _ 





CHARACTERISTIC SYMBOL 
. MIN. | MAX, 


Collector-Base 
Breakdown Voltage 


Collector-Emitter 
Breakdown Voltage 





Emitter-Base 
Breakdown Voltage 


Emitter Cutoff Current 


DC Current Gain 


Collector Saturation Voltage 


Base Saturation Voltage 


N 
Zz 
pS 
—) 
N 
ol 


= 
8 A 


—30 


NO 
oi 


-4.0 


> 





NEC ELECTRON DEVICE 





TEST CONDITIONS 


Ic=—-10 pA, IE=0 





Ic=—1.0 mA, |p=0 











io) 





VCE(sat)*4 


VBE (sat) *4 || —0.95 


N 
oO 





Small Signal Current Gain 


High Frequency 
Current Gain 


Gain Bandwidth Product 


Output Capacitance 


Input Capacitance 


| hfe | 2.0 





Noise Figure 





*3  JEDEC registered data for the 2N4125 and 2N4126. 


*4 These parameters must be measured pulse techniques. 


SWITCHING CHARACTERISTICS (Ta=25°C) 


CHARACTERISTIC 
Delay Time 


Rise Time 


SYMBOL 


ty 





Storage Time 


Fall Time 








tf 


le=—10 pA, Ic=0 





VCB=—-20 V, |E=0 

VEB=—3.0 V, Ic=0 

\c=-2.0 mA, VcCE=—1.0 V 

Ic=—50 mA, VcE=—1.0 V 

Ic=—50 mA, |p=—5.0 mA 

Ic=—50 mA, Ip=—-5.0 mA 

Ic=-2.0 MA, VcE=—1.0 V, f=1.0 kHz 

















Ic=—10 mA, VcE=—20 V, f= 100 MHz 


Ic=—10 mA, VcE=—20 V, f= 100 MHz 


le=0, Vcp=—5.0 V, #=100 kHz 


Ic=0, VEB=—0.5 V, f= 100 kHz 











Ic=—100 pA, Vce=—5.0 V, Rg=1 kQ 
f=10 Hz to 15.7 kHz 


tw S 300 us, duty cycle << 2% 


TEST CONDITIONS 
Ic=—10 mA, Vcc=—3 V 





VEB(off)=0.5 V, 1B1=—-1 MA 





Ic=-10 mA, Vcc=—3 V 
1B1=—IB2=—-1 mA 





NEC ELECTRON DEVICE 


SWITCHING TIME TEST CIRCUIT 


Vpp=t0.5V Vcc=—3.0 V 






0.1 uF VOUT 


ae 
11.1 V 


100 2 


PW, 2 300 ns 
tr <1.0 ns 

ZIN = 50 2 
Duty cycle = 2 % 


ton SWITCHING 


Vep=—-i1V 


Vcc = -3.0 V 






+ Vv 
sie "| | 0.1 uF OuT 
0 VIN 
100 Q 
PW 2 300 ns 
tr <1.0 ns 


Duty cycle = 2 % 
toff SWITCHING 


INPUT 


OUTPUT 


2N4125,2N4126 







VOLTAGE WAVEFORMS 





VOLTAGE WAVEFORMS 





2N4125,2N4126 NEC «cron vevice 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 


ENE guaranteed value 


eee eae 
IN IN 
Fa ed Ge 

0 -02 -04  -06 -08 -10 -1.2 


0 50 100 150 200 VBE — Base to Emitter Voltage —V 








































400 























Ic—Collector Current —-mA 
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Py — Total Power Dissipation — mW 








Ta — Ambient Temperature — °C 


COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


COLLECTOR TO EMITTER VOLTAGE 








: 











LAA 





| VAN 
\ 


\¢—Collector Current —mA 
I¢—Collector Current —mA 









































ie) 0.4 
VcE—Collector to Emitter Voltage—V 


0 =10 720 =30 —40 —50 whe —1.6 —2.0 


Vce — Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION VOLTAGE vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 


a | 






















~1.0 [7-7 VBE(sat)—-—}- 
a a | _—— 
aT a Ss 
as SS 0 | ail 
-05 A ee 
ry TTT Pr 
LT Tf esc] zs | ‘C|_ 75°C | 





PT I 
AA 
YY 
LA | 
Fren78 6-4 : 
aa ee 





hree—DOC Current Gain 





| tT 
A 
1 ee 





VCE(sat)—Collector Saturation Voltage—V 


VBE(sat)—Base Saturation Voltage—V 























4 Ta~75 ‘C-1- H 
ae ee a 
es 2s c Tt Hl 
0,05 eet —_| 4 f{-28-C i 
eee AMZ i UT 























-ooal_ | LITT 1 TTT TFT 


10 
-0.1 —0.3 -1.0 -30 °* —10 —30 -100 -0.1 —0.3 -1.0 —3.0 -10 —30 -100 
{c—Collector Current—mA I¢—Collector Current—mA 






An 


NEC trcctron otvice 2N4125,2N4126 


GAIN BANDWIDTH PRODUCT vs. INPUT AND OUTPUT CAPACITANCE vs. 
EMITTER CURRENT REVERSE VOLTAGE 


f=1.0 MHz 
{E=0 (Cob) 
Ic=0 (Cip) 







































































Cob — Output Capacitance —pF 
Cip — Input Capacitance —pF 











f7—Gain Bandwidth Product —MHz 


































































































~3.0 -10 —-30 
Je—Emitter Current —-mA Vcp — Collector to Base Voltage—V 
Veg — Emitter to Base Voltage —V 


INPUT IMPEDANCE vs. VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 


100 
} +--+ 4+ (aa ee 





Vce=—-10 V 
f=1 kHz 








ieee it a BEE 
Re al Co 


a eee 








hre —Voltage Feedback Ratio — x10-4 








hie — Input Impedance — kQ 















































































































































~O1 0.3 1.0 =3.0 10 -1.0 10 
Ic-~Collector Current —-mA Vestas Current —mA 
SMALL SIGNAL CURRENT GAIN vs. OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 
| 
- 
Bo 
8 4 
Pd I 
g 2 
8 £ 
3 £ 
& E 
t=] 3° 
a < 
3 3 
a 
‘ 
> 
= 8 
J 
—0.1 -0.3 —1.0 —3.0 —10 
I¢—Collector Currént —mA I¢—Collector Current —mA 


AN 


2N4125,2N4126 


ton—Turn-on Time-ns 


tstg—Storage Time—ns 





TURN-ON TIME vs. 
COLLECTOR CURRENT 





























ao 
oosd 











2 















































10 
-2.0 ~4.0 -6.0-80-10 -20 ~40 -60-80-100 —-200 


\c¢—Collector Current—mA 


STORAGE TIME vs. 
COLLECTOR CURRENT 
































10 
2.0 ~4.0 -6.0-8.0-10 -20 —40 -60-80-100 -—200 
ic—Collector Current~mA 


24 


1000 


tr—Rise Time—ns 


t¢—-Fall Time—ns 


NEC ELECTRON DEVICE 


RISE TIME vs. 
COLLECTOR CURRENT 








800 Sioa : Vec=—30 V 
600 































































































oO 
-2.0 —4.0-6.0-8.0-10 ~20 -—40 -60-80-100 -200 
i¢—Collector Current—mA 


FALL TIME vs. 
COLLECTOR CURRENT 























10 
—2.0 ~-4.0 -6.0-8.0—-10 —20 —40 -—60-80-100 ~-200 


tc—Collector Current—mA 


NEC NPN SILICON TRANSISTORS 
ELECTRON DEVICE 2N4400,2N4401 


GENERAL PURPOSE SWITCHING AND AMPLIFIER 
NPN SILICON EPITAXIAL TRANSISTOR 





DESCRIPTION 
2N4400, 2N4401 are NPN transistors, designed for general purpose switching and amplifier applications, 


feature injection-molded plastic package for high reliability. 


FEATURES 
@ High Power -.--- PT 625mW at 25°C 
e@ High Voltage --- VC EQ 40V 


I ieaMany | @ High DC CURRENT GAIN hr 100 ~ 300 at 150mA (2N4401) 
e For Complementary Use with PNP Type 2N4402, 2N4403 


PACKAGE DIMENSIONS 
in inches (millimeter) 



















4/2 
ol 
o ABSOLUTE MAXIMUM RATINGS 
z\3 Maximum Voltages and Current (Ta = 25°C) 
2s Collector to Base Voltage (RBE =) VCBO 60 Vv 
ve) —_—. 
S re Collector to Emitter Voltage (Open Base) VCEO 40 V 
Emitter to Base Voltage VEBO 6.0 V 
x Collector Current Ic 600 mA 
< x 
= < ; fact ois . 
© 2 Maximum Power Dissipation (Ta = 25°C) 
. = Total Power Dissipation PT 625 mW*1 
. 310 mw*2 
1. Emitter Derate above 25°C 5 mw/°Cc*1 
2. Base JEDEC : TO-92 | 2.81 mW/°C *2 
3. Collector , 
Maximum Temperatures 
Storage Temperature Tstg —65 to+150°C*1 
—55 tot 135°C*2 
Operating Junction Temperature aq; 150 °C*1 
135 °C*2 


Thermal Resistance 
Junction to Ambient Rth 0.2 °C/mw 


*1 NEC guarantees these values in addition to the JEDEC registered values. 


*2  JEDEC registered values. 


ne 


2N4400,2N4401 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 








CHARACTERISTIC SYMBOL 















Collector-Base 
Breakdown Voltage 











Collector-Emitter 
Breakdown Voltage 





Collector Cutoff Current] icex 


Base Cutoff Current 


Emitter-Base Breakdown| BVEBO 6.0 
Voltage 


hFE1 


2N4400 
[ MIN. | MAX, 








NEC ELECTRON DEVICE 











TEST CONDITIONS 








Ic=100pA 1 E=0 











Ic=1.0mA,iB=0 


lE=100pA ,IC=0 


VCE=35V,VpE=—0.4V 
VCE=35V ,VBpE=—0.4V 









VCE=1.0V,IC=100pA 












DC Current Gain 
hFE4*3 


oe 















VCE=1.0V ,IC=1.0mMA 
VcE=1.0V ,|c=10mMA 











50 

















Collector Saturation 





VCE=1.0V ,Ic=150mA 








Voltage 






VCE(sat)2*3 
VBE(sat)1*3 








Base Saturation Voltage 














1¢=500mA,IB=50mA 











0.75 








VBE(sat)2*3 








1c=150mA,|B=15mA 



















Gain Bandwidth 
Product 


fT 



























Output Capacitance 












Input Capacitance 





Input Impedance 
Voltage Feedback Ratio 


Small Signal Current 
Gain 





Cob 
Cib 
hie 

Nfe 
hoe 


Output Admittance 


*3 These parameters must be measured pulse techniques. 









r fa | [a | oF 











fos [7s [te fs | 
ror feo for _| 
0 


20 250 





SWITCHING CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC SYMBOL 


Delay Time 


Rise Time 





Storage Time 
Fall Time 





fee [eee 


tw=300us duty cycle< 2% 







TEST CONDITIONS 


Vcc = 30V, Ic = 150mA 
IB1 = 15mA. VEB=-2V 
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Vcc = 30V, Ic = 150mA 


'B1 =—IB2 =15mA 


NEC ELECTRON DEVICE 


SWITCHING TIME TEST CIRCUIT 


VeBp=—-2V 


Call iE 
0 VIN 


tp <2.0 ns 
PW = 1.0 us 
DC = 2% 


ton SWITCHING 


Vep = —23.3V 


ooh, * 
0 


tr<2.0 ns 
PW = 1.0 us 
DC = 2% 


toff SWITCHING 


Vec=t30V 


Vec = +30V 
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2N4400,2N4401 


INPUT 






OUTPUT 


VOLTAGE WAVEFORMS 


INPUT 






OUTPUT 
90% 


VOLTAGE WAVEFORMS 


2N4400,2N4401 


TYPICAL CHARACTERISTICS (Ta=25°C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
800 








Q 
So 
oO 





4 


NEC guaranteed value 








N 
2° 
(=) 





Py — Total Power Dissipation — mW 
Lb 
3 
ie) 





























0 50 100 150 200 
Ta — Ambient Temperature — °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


I¢ — Collector Current —mA 



































VceE — Collector to Emitter Voltage — V 


CURRENT GAIN vs. 
LECTOR CURRENT 













































hee — OC Current Gain 

































































05 #10 2.0 5.0 10 20 50 100 200 500 
I¢ — Collector Current —mA 
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VCE(sat) — Collector Saturation Voltage — V 


VBE(sat) — Base Saturation Voltage ~ V 


Ic — Collector Current — mA 


NEC ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 









































































































































i 
02 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
VBE — Base to Emitter Voltage — V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 



































ie) 0.4 0.8 1.2 1.6 2.0 
Vceé — Collector to Emitter Voltage — V 


BASE AND COLLECTOR SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


il 


Ic/lg=10 































































































0 a 
05 1.0 20 5.0 10 20 50 100 200 500 
ic — Collector Current ~ mA 


NEC tcecteon vivice 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


2000 





°Q 
2 
Ss 

















on 
jo} 
i=} 






































ft — Gain Bandwidth Product — MHz 



































—1.0 —3.0 ~ —10 —30 —100 
le — Emitter Current -mA 


INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 


hje — Input Impedance — kQ 


















































Ic — Collector Current — mA 


SMALL SIGNAL CURRENT GAIN vs. 
COLLECTOR CURRENT 









































hte — Small Signal Current Gain 



































tc — Collector Current —mA 


A Cob — Output Capacitance — pF 
tre — F R ~ x1074 
re — Voltage Feedback Ratio ~ x10 Cis sullgoul Capacitance pF 


hoe — Output Admittance — pa 











2N4400,2N4401 


INPUT AND OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 











f=1,0MHz 
IE=0(Cob) 
IC =0(Cib) 


























































































































“ol 0.3 1.0 3.0 10 30 100 
Vcp — Collector to Base Voltage — V 
Veg — Emitter to Base Voltage — V 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 






























































1,0 
Ic — Collector Current - mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 































































































0.1 0.3 1.0 3.0 10 
Ic — Collector Current —mA 


2N4402,2N4403 NEC trectron vevice 


DELAY TIME vs. RISE TIME vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 





Vec=30V 
\c/1B=10 














tg — Delay Time — ns 
tr — Rise Time — ns 




































































10 
5.0 10 20 50 100 200 500 
I¢ — Collector Current — mA Ic ~ Collector Current — mA 
STORAGE TIME vs. FALL TIME vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 







1000 2d Be ee aT ee ee Ee 








Vec=30V. 
'p1=—!B2 








Ip1=—!B2 
Ic/lB=10 to 20 















































t¢ — Fall Time —ns 











tstg — Storage Time — ns 













































































8) 
5.0 10 20 50 100 200 500 5.0 10 20 50 100 200 500 
C — Collector Current —mA Ic — Collector Current —mA 





NEC PNP SILICON TRANSISTORS 
ELECTRON DEVICE 2N4402,2N4403 


GENERAL PURPOSE SWITCHING AND AMPLIFIER 
PNP SILICON EPITAXIAL TRANSISTOR 





DESCRIPTION 
2N4402, 2N4403 are PNP transistors, designed for general purpose switching and amplifier applications, 


feature injection-molded plastic package for high reliability. 


FEATURES 
PACKAGE DIMENSIONS _~—e High Power ... PT 625mW at 25°C 
in inches (millimeter) High Voltage .. VCEQ —40V 


e 
0.204 MAX. @ High DC Current Gain hFE 100 — 300 at 150mA (2N4403) 
-2MAX. | 
asia @ For Complementary Use with NPN Type 2N4400, 2N4401 






ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Current (Ta = 25°C) 


0.216MAX, 
(5.5MAX.) 


Collector to Base Voltage (RBE ==) VCBO -40 V 
Z\Z Collector to Emitter Voltage (Open Base) VCEO -40 V 
Z = Emitter to Base Voltage VEBO —5.0 V 
es Collector Current Ic —600 mA 


Maximum Power Dissipation (Ta = 25°C) 


x Total Power Dissipation Py 625 mW*1 

a 310 mWw*2 

vt 

oa Derate above 25°C 5 mWw/°C*1 


2.81 mWw/°C*2 


1. Emitter Maximum Temperatures 
2. Base JEDEC : TO-92 Storage Temperature Tstg —65 to +150 °C*1 
3. Collector _55 to +135 °C*2 
Operating Junction Temperature Tj 150 °C*1 
135 °C*2 
Thermal Resistance 
Junction to Ambient Rth 0.2 °C/mW 


*1 NEC guarantees these values in addition to the JEDEC registered values. 
*2 JEDEC registered values. 


2 N4402, 2N4403 7 | NEC wecreon venice 


ELECTRICAL se toabbiaias (Ta = 25°C) 






















CHARACTERISTIC | SYMBOL aT a 2N4403 _ 


Cc 


zx <j<}</< 


NIT 


TEST CONDITIONS 
IC=—100pA,|E=0 


er OmA,|B=0 


lE=—100¢A,IC=0 


VcE=-1 OV Ic=-2OmA 


Vcp=-10V, \E=0,f=100kHz 
VEB=—0.5V 1C=0,f=100kHz 


X1074| Vcg=—10V 
Ic=—1.0mA 
f=1.0kHz 






Collector-Base . 
Breakdown Voltage 


Collector-Emitter BVCEQ*3 —40 
Breakdown Voltage 
Emitter-Base Breakdown| BVEBO —5.0 
Voltage 


Collector Cutoff Current ICE x 
Base Cutoff Current IBEX | | -100 | 
hret fees] On| 


hFE2 


—100 


DC Current Gain 





hFE5*3 aed cil 
ce ae el 
ae -0.78 
Base Saturation Norese | —0,95 
Peeieart [ia | 


Gain Bandwidth 150 200 
Prod uct 


sense ap 
Input Caos Cib {| [9 | 
Input Impedance 
Voltage. Feedback fale 0.1 


Small Signal Current hfe 30 250 
Gain 





Collector Saturation: . 
Voltage 






~ 


“| i =|; 
wo bp oO x 











G 


mM 


—_ 
oa 





— 
°o 


Output Admittance hoe 


*3 These parameters must be measured pulse techniques, tw = 300us duty cycle g2%- 


SWITCHING ene TRANS ae =25° C) 


oeey Time — aa Lm |Meeroev. te=—-150mA 


Fall ee en [tgiz-tg2=—15ma 











CHARACTER AIST Ic 





























Tae 


NEC ELECTRON DEVICE 


SWITCHING TIME TEST CIRCUIT 


Vep=+t2.0V Vec=-30V 


os ea 7 
-18V 





tr<2.0 ns 
PW = 1.0 us 


DC = 2% 
ton SWITCHING 


Veep = +23.3 V Vec = -30 V 


Vout 


(e) VIN 
pete ; 





+4.0V 


tr $2.0 ns 
PW 2 1.0 us 


DC = 2% 
tof SWITCHING 









2N4402,2N4403 
INPUT 
itd 
| 
OUTPUT 


VOLTAGE WAVEFORMS 






INPUT 
i 
' tetg 
rt 
4 
| | 
I 
OUTPUT I 


VOLTAGE WAVEFORMS 


2N4402, 2N4403 


TYPICAL CHARACTERISTICS (Ta=25°C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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SSRN 
=. = a N 
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0 50 
Ta — Ambient Temperature — °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


























{c — Collector Current —mA 


























—40 
Vce — Collector to Emitter Voltage ~ V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


tT 
rrr 3«(Vce=-2.0V 
meas 














hee — DC Current Gain 
3 
i=) 









































10 
0.5 -1.0 -20 -50 -10 -20 -—50 —100 —200 


tc — Collector Current — mA 


—500 


VCE(sat} — Collector Saturation Voltage — V 


VBE(sat) — Base Saturation Voltage — V 


Ic — Collector Current —mA 


Ic ~Collector Current — mA 











NEC ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 









































OF 
VBE — Base to Emitter Voltage — V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 






































(Re Wiweee 
lo del EW edo 


1.2 1s 
Vce — Collector to Emitter Voltage — V 


BASE AND COLLECTOR SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


Ic=10-1g 

































































-1.0 -2.0 -5,0 -10 -—20 —§ -—50 -—100 —200 


tc — Collector Current — mA 


—500 


Ni Ei Cc ELECTRON DEVICE 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 





























fy — Gain Bandwidth Product — MHz 









































1.0 3.0 10 30 100 


tg — Emitter Current — mA 


INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 















































hie — Input Impedance ~ kQ 








iN 
PNA 
SH 
aii 
Th 









































-0.3 -1.0 —3.0 —10 
{¢ — Collector Current — mA 
SMALL SIGNAL CURRENT GAIN vs. 
COLLECTOR CURRENT 
1000 Toy 
aoof———F Ft 
hana a 
600 mii” iZBesk 
ape ee ee 


b 
fo} 
°o 




















hfe — Small! Signat Current Gain 
3 
(=) 



































I¢ ~ Collector Current — mA 








-3.0 —10 


Cob — Output Capacitance — pF 
Cib — Input Capacitance — pF 


hoe — Output Admittance — 4 


hre — Voltage Feedback Ratio — x10™4 


2N4402,2N4403 


INPUT AND OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 








f=1.0MHz 
IE=0 (Cob) 
ic=0 (Cib) 




































































—3.0 —10 -30 
Vcp — Collector to Base Voltage — V 
Veep — Emitter to Base Voitage — V 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 


100 — 













































































Ic — Collector Current — mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 


1000 pre o 
Vce=—10V 








f=1kHz 




















eeee.. ae Bail 
mpm | 


-0.3 -1.0 
Ic — Collector Current — m: 




















—3.0 —10 
A 





2N4402, 2N4403 


ta — Delay Time — ns 


tstg — Storage Time — ns 









DELAY TIME vs. : 
COLLECTOR CURRENT 












































—50 —100 
{c — Collector Current — mA 


—200 





STORAGE TIME vs. 
COLLECTOR CURRENT 


Vec=—-30V 
'p1=—IB2 


IC/Ig=10 to 20 















































—20 —50 
I¢ — Collector Current — mA 


-100 © —200 —500 


aa 


tr — Rise Time — ns 


tf — Fall Time — ns 





NE Cc ELECTRON DEVICE 


RISE TIME vs. 
COLLECTOR CURRENT 








Ic/tp=10 


























cot 

iM 
AN 

CNC 


KM 

















—100 
Ic — Collector Current — mA 


-200 


FALL TIME vs. 
COLLECTOR CURRENT 


1000 pre 
































—5.0 -10 —20 —50 -100  -—200 
ic — Collector Current —- mA 


500 


NEC NPN SILICON TRANSISTORS 
ELECTRON DEVICE NT2222.NT2222A 


GENERAL PURPOSE AMPLIFIER AND 
HIGH-SPEED, MEDIUM-POWER SWITCHING 
NPN SILICON EPITAXIAL TRANSISTOR 





DESCRIPTION 


The NT2222, NT2222A are NPN transistors, designed for general purpose amplifier and high-speed, medium- 


power switching applications, feature injection-molded plastic package for high reliability. 


PACKAGE DIMENSIONS FEATURES 
in (millimeters) inches @ High Frequency Current Gain. 





















Saas ® Low Collector Saturation Voltage . 
iy ® High speed Switching. 
SS @ For Complementary Use with PNP Type NT2907, NT2907A. 
23 @ NT2222, NT2222A Electrically Similar to 2N2222, 2N2222A, 
33 
2° 
8S 
os ABSOLUTE MAXIMUM RATINGS 
o02 32 Maximum Voltages and Current (Ta=25°C) NT2222 NT2222A 
Pas) 
=8 Collector to Base Voltage (RBE=0°) VCBO 60 75 NV 
Set Collector to Emitter Voltage (Open Base) VCEQ 30 40 Vv 
t+——» (2,54) 
ioe 0.1 Emitter to Base Voltage VEBO 5.0 6.0 V 
Bae Collector Current IC 800 mA 
he Maximum Power Dissipation (Ta=25°C) 





Total Power Dissipation Pr 625 mw 


{(1.77MAX.) 
0.069MAX. 


1. Emitter JEDEC: TO0-92 | Maximum Temperatures 


2. Base Storage Temperature Tstg —65to+150 °C 
3. Collector Operating Junction Temperature Tj 150 °C 
Thermal Resistance Junction to Ambient Rth 0.2 °C/mW 


NT2222,NT2222A NEC ctectron oevice 


NT2222 
ELECTRICAL CHARACTERISTICS (Ta=25°C) 


CHARACTERISTIC SYMBOL 


Collector-Base BVCBO cae 


Breakdown Voltage 


ined 
| 35 | 
| 50 
ae ee 
| 100 | 
ze 
cas 










TEST CONDITIONS 
es Ic=10mA, 1B=0 





Collector-Emitter 
Breakdown Voltage 












tE=10uA, IC=0 
Breakdown Voltage ° 





Emitter-Base | BvE80 








VcB=50V, IE=0 
Vcp=50V, |l—E=0, Ta=150°C 
VCE=10V, Ic=100nA 
VcCE=10V, Ic=1mA 

VCE=10V, Ic=10mA 


=o 

[Wee=t0V, i 160ma 
-[Neest0v,tees00ma 
a 
eae 
Py [ice 
Py fice 





Collector Cutoff Current eee 
ICBO2 























Emitter Cutoff Current 





















DC Current Gain 





amc VCE=20V, Ic=20mA, f=100MHz 
VcE=20V, Ic=20mA, f=100MHz 


VcBp=10V, |E=0, f= 100kHz 
VeEB=0.5V, Ic=0, f= 100kHz 











Collector Saturation 







VCE(sat) 1* 


Voltage VCE(sat)2™ 
Base Saturation VBE (sat) 1* 


VBE(sat)2” 











-|>r1o 
Qlwl oj a 


Voltage 


High Frequency 
Current Gain 


Gain Bandwidth 
Product 












Output Capacitance 











Input Capacitance 





* These parameters must be measured using pulse techniques. tw<300us, duty cycles 2% 
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NEC ELECTRON DEVICE 


NT2222A 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


CHARACTERISTIC 


SYMBOL 





Collector-Base 
Breakdown Voltage 


BVCBO 





Collector-Emitter 
Breakdown Voltage 


BVCEO* 


NT2222,NT2222A 


Vv 


TEST CONDITIONS 


IC=10pA, IE=0 








ce 
bes 


ic=10mA, |p=0 





Emitter-Base 
Breakdown Voltage 


BVEBO 


V 


+ 


IE=10pA, Ic=0 





Collector Cutoff Current 


im 
[ Icex 


— 


VcE=60V, VBE=—3V 








Emitter Cutoff Current 


| 'BEX 





Collector Cutoff Current 


ICBO1 


| 


—— 


VCE=60V, VpE=—-3V 





VcB=60V, IE=0 





ICBO2 


Vcp=60V, |E=0, Ta=150°C 





Base Cutoff Current 


r 








DC Current Gain 


Collector Saturation 


Voltage 


Base Saturation 


Voltage 


lEBO 
hFE1 


i VEB=3.0V, Ic=0 


VCE=10V, IC=100nA 





hFEQ 


eae 


VCE=10V, Ic=1mA 





hFE3* 


VCE=10V, IC=10mA 
pena 





hFE4* 


ak 


VCE=10V, Ic=150mMA 





a 
hFE5* 


| VBE(sat)2* 


VCE=10V, Ic=500mA 
VCE=1.0V , IC=150mA 
VCE=10V,Ic=10mA, Ta=—65 °C 





Ic=500mA, |B=50mA 





High Frequency 
Current Gain 


| hfe | 


ae 


VCE=20V, Ic=20mA, f=100MHz 





Gain Bandwidth 
Product 


pat 


VcE=20V ,1c=20mA ,f=100MHz 


oan ean 





Output Capacitance 


8 


_—}— 


Vcp=10V, le=0, f=100 kHz 





Input Capacitance 


25 





+ 


VEB=0.5V, IC=0, f= 100 kHz 





Input 


Impedance 


2.0 


8.0 


Tk 
+ 


VCE=10V, Ic=1.0mA, f=1kHz 





0.25 


1.25 


kQQ 


~ |) VCE=10V, 1¢=10mA, f=1kHz 





Voltage 
Feedback Ratio 


8.0 


[ x10% | VcE=10V, Ic=1.0mA, fetkHz 





“140 


| x10" 


| VcE=10V, Ic=10mA, f=1kHz 





Smail-Signal 


Current Gain 


| VcE=10V, IC=1.0mA, f=1kHz 





an 
4+ 


VCE=10V, Ic=10mA, f=1kHz 





Output 


Admittance 


Tt 


[Ho 


VcE=10V, Ic=1.0mA, f=1kHz 








LO 


VcE=10V, Ic=10mA, f=1kHz 





Collector-Base 
Time Constant 


t— 


Vcp=20V, | —=20mA, f=31.8MHz 





Noise Figure 


i These parameters must be measured using pulse techniques. 





aa 











tw 


VCE=10V, IC=100pA, Rg=1kO 
f=1.0kHz 


$300us, duty cycles 2% 


NT2222,NT2222A 


SWITCHING CHARACTERISTICS (Ta=25°C) 


NEC ELECTRON DEVICE 


TEST CONDITIONS 
Vcc=30V, VBE=—0.5V 


Ic=150mA, IB1=15mA 
Vcc=30V, Ic=150mA 





SWITCHING TIME TEST CIRCUIT 


Vep=—0.5V Vcc=t30V 


0 VIN 





TO OSCILLOSCOPE 


PW< 200 ns Zin > 100 kQ 
tp<2.0 ns Cin <12 pF 
Zin = 502 ty <5.0 ns 
ton SWITCHING 
Vep=—23.8V Vec=+30V 


0 VIN 


PW 10 ps a 
-OV 


Tc <5.0 ns 





TO OSCILLOSCOPE 


Zin > 100 kQ 
Cin S12 pF 
tp<5.0 ns 


The 20 kQ and 502 resistors on the output of the test circuit 
are normally omitted, due to the excessive attenuation of the 
collector waveform. The collector voltage is monitored directly 


with a high impedance oscilloscope probe. 


tof¢ SWITCHING 


ANY 


1B1=—-!p2=15mA 


INPUT 







OUTPUT 


VOLTAGE WAVEFORMS 


INPUT 







OUTPUT 


VOLTAGE WAVEFORMS 


NEC tiectron oevice NT2222,NT2222A 


TYPICAL CHARACTERISTICS (Ta=25°C) 


TOTAL POWER DISSIPATION vs. 


COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 















































{¢ — Collector Current — mA 








PT ~— Total Power Dissipation — mW 









































0 50 100 150 200 
Ta — Ambient Temperature —°C 





COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
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0 10 20 30 40 50 0 0.4 0.8 1.2 16 2.0 
VcE — Collector to Emitter Voltage ~ V VceE — Collector to Emitter Voltage — V 
DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION VOLTAGE vs. 


COLLECTOR CURRENT 


COLLECTOR CURRENT 






































hee — DC Current Gain 


Teo} 
<q 5 
i iree’s 
ee i 
eet _| 








VCE(sat) — Collector Saturation Voltage — V 


VBE(sat) — Base Saturation Voltage — V 


























































































































C0) em ar mn cy 2a OE 2 TO 
05 1.0 2.0 5.0 10 20 50 100 200 500 05 140 2.0 5.0 10 20 50 100 200 500 
C— Collector Current — mA ic — Collector Current — mA 


NT2222,NT2222A 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 




















fy — Gain Bandwidth Product — MHz 


















































-1.0 —3.0 —10 —30 -100 
\e — Emitter Current — mA 


INPUT IMPEDANCE vs. 
3 COLLECTOR CURRENT 
ESE, Sees Ce) 2 a 
som |__| PPT Vce=10v 


oe wes 















































ies ol i 
\ 
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RES ET ae Ata 
3. Sees 
£ 6o}——__}+_| Tt 
oo ee 
3a 401 
} | 
® 
= 2.0 
1,0 = 
0.8 a 
o6L____] U 
0.1 0.3 1 3 10 
Ic — Collector Current — mA 
SMALL SIGNAL CURRENT GAIN vs. 
1000 COLLECTOR CURRENT 





800 
600 











400 
































hg ~ Small Signal Current Gain 















































0.1 0.3 1.0 3.0 10 
tc — Collector Current —-mA 


A9D 


NEC ELECTRON DEVICE 


INPUT AND OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 


f=1.0MHz 
1e=0(Cob) 
ic=0(Cib). 














Cob — Output Capacitance — pF 
Cip — Input Capacitance — pF 















































0.3 1.0 3.0 10 30 100 
Vcg — Collector to Base Voitage — V 
Veg — Emitter to Base Voltage — V 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 





hye — Voltage Feedback Ratio — x10* 





















































IC — Collector Current — mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 












































Nog ~ Output Admittance — #2 


















































Ic — Collector Current — mA 


NEC crecteon oevice NT2222,NT2222A 































































































































































































































































DELAY TIME vs. RISE TIME vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 
rT oe 
GC Sees a 
200. il t 
a é 
{100 1 
ze é 
= - 
a 3 
3 40 red 
a | 
1 s 
Rg 
20 
10 
8.0 
6.0 
5.0 10 20 50 100 200 500 5.0 10 20 50 100 200 500 
ic ~ Collector Current — mA Ic — Collector Current —mA 
STORAGE TIME vs. FALL TIME vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 
Vcc=30V 
'g1=-'B2 
ic/ig=10 to 20 
é 
| 2 
g | 
in é 
% ib 
s é 
a | 
i 
° s 
2 
5.0 10 20 50 100 200 500 5.0 10 20 50 100 200 500 


tc — Collector Current — mA I¢ — Collector Current — mA 


NEC NPN SILICON TRANSISTOR 
ELECTRON DEVICE NT2369A 


DESCRIPTION The NT2369A is designed for general purpose amplifier and 
high speed switching applications. PACKAGE DIMENSIONS 


in miltimeters (inches) 


5.2 MAX. 
FEATURES @ High Frequency Current Gain. (0.204 MAX.) 


@ High Speed Switching. 
@ NT2369A Electrically Similar to 2N2369A. 


(0.216 MAX.) 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 







S 
° 
= 
2 





22 

Storage Temperature............. —65 to +150 °C = - - 

Junction Temperature ........... 150 °C Maximum 254 E: zt = 
Maximum Power Dissipation (Ta = 25 °C) Aas Rg 

Total Power Dissipation. ...............625 mW (0.05) Cees x 
Maximum Voltages and Currents (Ta = 25 °C) Key 2 ri 

VcBo Collector to Base Voltage......... 40 V “Ss 

VceEs Collector to Emitter Voitage....... 40 V 

VcEo Collector to Emitter Voltage....... 15 Vv a ae TeGce. sae 

VeEBO Emitter to Base Voltage......... 45 V Sean tee? oe heee 

lc Collector Current ............. 200 mA 

Ic Collector Current (10 us pulse) ... .500 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC 5 : MAX. UNIT TEST CONDITIONS 





: Voc=3.0 V, Ic=10 mA, Igy =3.0 mA, 
ton Turn-on Time 12 Vpe=—1.5 V 


toff Turn-off Time 18 es 10 mA, 1B1= 3.0 mA, 
tstg Storage Time 13 1c=10 mA, 1p1=—!B2=10 mA 

ft Gain Bandwidth Product VcE=10 V, Ic=10 mA, f=100 MHz 
Cob Output Capacitance : 4.0 Vcp=5.0 V, ie=0, f=1 MHz 

hFe1* DC Current Gain VcE=0.35 V, Ic=10 mA 

hFeg* DC Current Gain VceE=0.4 V, Ic=30 mA 

hFE3* DC Current Gain VcE=1.0 V, Ic=100 mA 

hE e4* DC Current Gain VcE=0.35 V, Ic=10 mA, Ta=—55 °C 
VCE(sat)1* Collector Saturation Voltage : 1c¢=10 mA, Ip=1.0 mA 

VCE(sat)2* Collector Saturation Voltage ‘ I¢=30 mA, Igp=3.0 mA 

VCE(sat)3* Collector Saturation Voltage ‘ . Ic =100 mA, Ip=10 mA 

VCE(sat)4* Collector Saturation Voltage . ic=10 mA, Igp=1.0 mA, Ta=125 °C 





* Pulsed PW <350 us, duty cycle <2% Additional characteristics on following page. 


NT2369A 


SYMBOL 


CHARACTERISTIC 


TEST CONDITIONS 





ICES 
ICBO 
BVcBO 
BVcEs 
BVcCEO* 


BVEBO 

VBE (sat)1* 
VBE(sat)2* 
VBE (sat)3* 


VBE(sat)4* 


Collector Cutoff Current 

Collector Cutoff Current 

Collector to Base Breakdown. Voltage 
Collector to Emitter Breakdown Voltage 
Collector to Emitter Breakdown Voltage 
Emitter to Base Breakdown Voltage 
Base Saturation Voltage 

Base Saturation Voltage 

Base Saturation Voltage 


Base Saturation Voltage 


< <<< cccec 


* Pulsed PW <350 us, duty cycle 52% 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





































































































I¢ — Collector Current —mA 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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I¢ — Collector Current —mA 





Cib — Input Capacitance — pF 


Vcp=20 V, Vge=0 
Vcp=20 V, lE=0, Ta=150°C 
Ic=10 WA, IE=0 

Ic =10 vA, Vee=0 
Ic=10 mA, 1g=0 
IE=10 uA, I¢=0 
Ic=10 mA, Ig=1.0 mA 
I¢=30 mA, Ip=3.0 MA 
Ic=100 mA, Ig=10 mA 
Ic=10 mA, Ip=1.0 mA, 
Ta=—55 to +125°C 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





























Ic — Collector Current — mA 
































12 16 20 


VCE — Collector to Emitter Voltage — V 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 


f=1.0 MHz 
ig=0 (Cob) 
I¢=0 (Cip) 

Comm 

















Cob — Output Capacitance — pF 













































































1.0 


3.0 10 =—30 


Vcp — Collector to Base Voltage — V 
VER — Emitter to Base Voitage — V 


NEC ELECTRON DEVICE 


























































































































GAIN BANDWIDTH PRODUCT SWITCHING TIME vs, 
vs. EMITTER CURRENT 
VoE=10V 
~ 5000 
x= iE i 
= 2 
1 2000}#+++ | 
8 E 
= 
3 1000 E 
a& 500) 2 
= + s 
2 fb —4 
5 200 4 5 
= 100 fh 
= z 
«50 a 
oO 
ee a 
- 10 LU | ‘ 
-01 -0.3 -10 -30 -10 -—30 -100 : 50 


le — Emitter Current — mA 


SWITCHING TIME TEST CIRCUIT 


PW=300 ns 2200 0.1 uF 
Duty cycle=2% Vin 





Vin Vin oe 
10% 
90% 
Vout 90 % Vout sa 
Ton toft 
. Vep=+12V 
Vege Vin= —15 V 
Vin= +15V 


Voltage waveforms 


ton: toff SWITCHING 





PW=300 ns v 
Duty cycle=2 % ou 
To oscilloscope 
yeh 
-10vi—4 
10% 
0 
Vout 10% 


tstg SWITCHING ba 


Voltage waveforms 


AR 





100 200 


ie — Collector Current — mA 


an 


NT2369A 


NEC PNP SILICON TRANSISTORS 
ELECTRON DEVICE NT2907,NT2907A 


GENERAL PURPOSE AMPLIFIER AND 
HIGH-SPEED, MEDIUM-POWER SWITCHING 
PNP SILICON EPITAXIAL TRANSISTOR 





DESCRIPTION 


The NT2907, NT2907A are PNP Transistors, designed for general purpose amplifier and high speed, medium- 


power switching applications, feature injection-molded plastic package for high reliability. 


PACKAGE DIMENSIONS FEATURES 








in (millimeter) inches @ High Frequency Current Gain. 
(5.2MAX,) @ Low Collector Saturation Voltage. 
0.204MAX. . eats 
a @ High Speed Switching. 
f @ For Complementary Use with NPN Type NT2222, NT2222A. 
7% @® NT2907, NT2907A Electrically Similar to 2N2907, 2N2907A. 


(5.5MAX.)} 
0.216MAX 























ABSOLUTE MAXIMUM RATINGS 
Maximum Voltages and Current (Ta=25°C) NT2907 NT2907A 
25 Collector to Base Voltage (RBE=°) VcBo -—60 —60 V 
38 Collector to Emitter Voltage (Open Base) VCEQ —40 —60 Vv 
Emitter to Base Voltage VEBO -—5.0 5.0 Vv 
Collector Current Ic —600 mA 
2% Maximum Power Dissipation (Ta=25 °C) . | 
24 28 Total Power Dissipation PT 625 mw 
23 moe Maximum Temperatures 
ae Storage Temperature Tstg —65 to +150 °C 
1. Emitter JEDEC - T0-92 Operating Junction Temperature Tj 150 °C 
2. Base Thermal Resistance 


3. Collector Junction to Ambient Rth 0.2 °C/mw 


NT2907,NT2907A 


ELECTRICAL CHARACTERISTICS en Fa 


CHARACTERISTIC 


Collector-Base . 
Breakdown Voltage 


Collector-Emitter 
Breakdown Voltage 


Emitter-Base 
Breakdown Voltage 


Collector Cutoff Current 


SYMBOL 


BVCBO 


BVCEO*1 


BVEBO 


NT2907 NT2907A 


NEC ELECTRON DEVICE 


TEST CONDITIONS 





(c=—10uA, |E=0 





aoe 


Eo 80, 


Ic=—10mA, Ip=0 


IE=—10MA, ic=0 


VCE=-30V, VpE=0.5V 








Vcp=—5OV, |E=0 


Vcp=—S0V, IE=0, Ta=150°C 











Base Cutoff Current 





DC Current Gain 














—10 He 


a E=—30V, VBeE=0.5V 





| | VCE=—10V, Ic=—100pA 





VCE=-10V, Ic=—1mA 





VCE=—10V, Ic=—10mA 





VCE=—10V, Ic=—150mA 








VcE=-10V, Ilc=—500mA 





Collector Saturation 


Voltage 


VCE(sat)1* 


V 


Ic=—150mA, Ip=—15mA 








Base Saturation 


Voltage 


| VeeE(saty1* 


| VCE(sat)2" 


-1.6 ie Vv 


Iic=—500mA, Ip=—5bOmA . 





V | i¢=—150mA, Ig=—15mA 





[ VBE(sat)2* 


V | Ic=-500mA, Ip=—50mA 





High Frequency 
Current Gain 


[hte | 


ic=—50mA, VC E=—20V, 
f=100MHz 





Gain Bandwidth 
Product 


MHz 





Output Capacitance 








Input Capacitance 


* 


These parameters must be measured using pulse techniques. 


Ic=—5OmA, VcE=—20V, 
f=100MHz 








VcB=—10V, |E=0, f=100kHz 














VeEB=—2V, IC=0, f=100kHz 





tw< 300us duty cycles 2% 


NEC ELECTRON DEVICE 


SWITCHING CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC 


NT2907,NT2907A 


TEST CONDITIONS 





Delay Time 


VCC=—-30V, [c=-150mMA 





Rise Time 


Vpe=0 1B1=—-15mA 








Turn-On Time 








Storage Time 





Fall Time 
Turn-Off Time 





SWITCHING TIME TEST CIRCUIT 


Vec=-30V 








2002 


Vout 
VIN 


0 
bloc ns 


29 = 502 TO OSCILLOSCOPE 
PRF = 150 pps tp $5.0 ns 
tr<2.0 ns ZIN = 10MQ 


ton SWITCHING 


Vee = +15V Vee = -6.0 Vv 





Vout 
VIN 


a ie 
—30 V 


200 ns 


ZO = 50 TO OSCILLOSCOPE 
PRF = 150 pps ty $5.0 ns 
tr <2.0 ns ZiN = 10 MQ 


toff SWITCHING 





Vcc=—6V, Ic=-150mA 
1B7=—!B2=—15mA 








INPUT 






OUTPUT 


VOLTAGE WAVEFORMS 


INPUT 






OUTPUT 


VOLTAGE WAVEFORMS 














NT2907,NT2907A NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25°C) 

































































































































































TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 
800 
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600 S 2 

e & 
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he 
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I 
0 50 100 150 200 “02 -03 -04 -05 -06 —-07 -08 —-09 —1.0 
Ta — Ambient Temperature — °C VBE — Base to Emitter Voitage — V 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 

















tc — Collector Current — mA 










































































0 —10 —20 ~30 —40 —50 0 —0.4 —0.8 -1.2 -1.6 —2.0 
VcE — Collector to Emitter Voltage — V Vce — Collector to Emitter Voltage — V 


DC CURRENT GAIN vs. BASE AND COLLECTO 
SORT EnTOR CURRENT R SATURATION VOLTAGE vs. 


COLLECTOR CURRENT 





IC=10-Ig 




































































hee — DC Current Gain 

















VCE(sat) — Collector Saturation Voltage — V 
VBE(sat) — Base Saturation Voltage — V 














































































































10 
-0.5 -1.0 -2.0 -50 -10 —-—20 —50 -100 -200 —500 


0.5 -10 ~20 -50 -10 —20 -50 — ~ - 
Ic — Collector Current — mA 20) 100200 500 


Ic — Collector Current — mA 


NEC ELECTRON DEVICE 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


VcEe=-20V 
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ft — Gain Bandwidth Product ~ MHz 






































Ie — Emitter Current - mA 


INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 








80 L VcE=—10V 
60k —}-—— f=1kHz 


sol mm wens 
Lu 





hie — Input Impedance — kQ 








2.0 



































—0.1 k —1.0 
I¢ — Collector Current — mA 





SMALL SIGNAL CURRENT GAIN vs. 
COLLECTOR CURRENT 















































hfe — Small Signal Current.Gain 









































-0.1 —0.3 -1.0 3.0 —10 
t¢ — Collector Current — mA 











NT2907,NT2907A 


INPUT AND OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 











te=0(Cob) 
te=0(Cib) 
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hre — Voltaae Feedbart Ratio ~- x 1074 


2.0 






Vcp — Collector to Base Voltage — V 
Vege — Emitter to Base Voltage — V 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 






























































—0.1 —0.3 —1.0 —3.0 —10 


1000 
800 


600 


400 


200 


100 
80 


1c — Collector Current — mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 








Vce=-10V 


tC sri] f=1kHz 
aes ee 
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60 
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hoe — Ontput Admittance — uo 


20 
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oe fs oe en | 4. 








Eee 
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J —0.3 —1.0 ~3.0 —10 


I¢ — Collector Current —mA 


NT2907,NT2907A 


tg — Delay Time — ns 


tstg — Storage Time — ns 


DELAY TIME vs. 
COLLECTOR CURRENT 





Vec=-30V 
ic/!g=10 


I 




























































































Ic — Collector Current —mA 


STORAGE TIME vs. 
COLLECTOR CURRENT 


Vec=-30V 
1g1=—1B2 
Ic/IB=10 to 20 


Nu 






























































-5.0 -10 —20 —50 —100 —200 —500 
I¢ — Collector Current —mA 


ran 


NEC ELECTRON DEVICE 


RISE TIME vs. 
COLLECTOR CURRENT 




















































tr — Rise Time — ns 






































-5.0 —-10 —20 —50 -100  —200 —500 
I¢ — Collector Current — mA 


FALL TIME vs. 
COLLECTOR CURRENT 
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t¢ — Fall Time — ns 
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NEC 


NPN SILICON TRANSISTOR 


ELECTRON DEVICE 

DESCRIPTION The JE7001 is an NPN silicon epitaxial transistor intended 
for use as VHF and UHF oscillators and a VHF mixer ina 
tuner of a TV receiver. 
The device features stable oscillation and small frequency 
drift against any change of the supply voltage and the 
ambient temperature. 

FEATURES @ High gain bandwidth product; 


f=1 100 MHz TYP. 

@ Low collector to base time constant; 
Celh'b=10 ps TYP. 

@ Low output capacitance; 
Cop=1.5 pF MAX. 


ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C) 


Maximum Temperatures 


Storage Temperature............ —55 to +150 °C 
Junction Temperature ......... +150 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) . 
Total Power Dissipation. ............. 400 mW 
Maximum Voltages and Currents (Ta=25 °C) 
Vcgo Collector to Base Voltage........ 30 Vv 
Vceo Collector to Emitter Voltage... ... 15 Vv 
Veso Emitter to Base Voltage......... 40 Vv 
Ic Collector Current ..........06.- 50 mA 
Ip Base Current...........000 08s 10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL 


Ce: rb’b 
VCE(sat) 
IcBo 


CHARACTERISTIC 


DC Current Gain 
Gain Bandwidth Product 800 


‘Output Capacitance 
Collector to Base Time Constant 
Collector Saturation Voltage 
Collector Cutoff Current 


Classification of hee 


Range 


ene ee ee ee 
| 60-120 | 90 — 180 135 —270 


hee Test Conditions: VceE=10 V, Ic=5.0 mA 


JE7001 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 















5.5 MAX. 
(0.216 MAX.) 


| 


14 MIN. 
(0.551 MIN.) 





L 





1.77 MAX. 
(0.069 MAX.) 





4,2 MAX 
0.165 MAX.) 





| 


1. Base EIAJ : $C-43 
2. Emitter JEDEC : TO-92 
3. Collector IEC : PA33 


TEST CONDITIONS 


VceE=10 V, Ic=5.0 mA 

VceE=10 V, le=-5.0 mA 

VcB=10 V, te=0, f=1.0 MHz 

Vce=10 V, te=—5.0 mA, f=31.9 MHz 
Ic=10 mA, [p=1.0 mA 

VcB=12 V, le=0 





JE7001 | NEC tsectron vevice 


TYPICAL CHARACTERISTICS (Ta=25 °c) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 
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DC CURRENT GAIN vs. OUTPUT CAPACITANCE vs. 
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TYPICAL CHARACTERISTICS of “Y” PARAMETERS 





















































GAIN BANDWIDTH PRODUCT INPUT ADMITTANCE (yj) 
vs, EMITTER CURRENT vs. FREQUENCY 
Zib—Input Conductance—mS 
0 20 40 60 80 100 
ty 2.000 
+ 
- 
Q 1.000 
vU 
iS) 
& 
£ 500 
3 
Cc 
i 
rea) 
= 200 
o 
oO 
a 100 
~0.1 —0.2 -0.5 -10 —-2.0 -~5.0 -10 —20 





lE—Emitter Current—mA 


NEC ttectron oevice 


FORWARD TRANSFER ADMITTANCE (y¢p) 


vs. FR 


S 
8 


bfb — Forward Transfer Susceptance — m: 
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8 


8 


20 


Qo 


EQUENCY 


Yfb=8fd + ibfb 















































~80 -60 —40 —20 0 +20 
8&4, —Forward Transfer Conductance —mS 


REVERSE TRANSFER ADMITTANCE (y,p) 
vs. FREQUENCY 


&rb— Reverse Transfer Conductance—mS 
—1.0 —0.8 -—06 —0.4 —0.2 0 











55 
{c=15 mA 10 




















brb—Reverse Transfer Susceptance — mS 








bob— Output Susceptance— mS 


JE7001 


OUTPUT ADMITTANCE (Yop) 
vs. FREQUENCY 
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Zob— Output Conductance—mS 


NV E C | NPN SILICON TRANSISTOR 
ELECTRON DEVICE a — | 
_- SE8050 


DESCRIPTION The JE8050 is designed for use in 2 W output amplifier of 
portable radios in class B push-pull operation. PACKAGE DIMENSIONS 
ih millimeters (inches) 
FEATURES @ High total power dissipation. (Py : 2.0 W, Tc =25 °C) 5.2 MAX. 
® High collector current. (ic : 1.5 A) (0.204 MAX.) 


® Complementary to JE8550. 








ABSOLUTE MAXIMUM RATINGS 42 
Maximum Temperatures Paa:) 
Storage Temperature......... —65 to +150 °C “Ss 
Junction Temperature. ..... +150 °C Maximum a 
Maximum Power Dissipations z2 
Total Power Dissipation (Ta=25 °C)... .. 1.0 W a3 
Transistor mounted on printed circuit board, 2.54 
max. lead length 4 mm, mounting pad for collector lead min. (0.10) 
10mm x 10 mm. 1.27 
Total Power Dissipation (Tc =25 °C).... 2.0W on8 ee Se xe 
Thermal Resistance (Ta=25 °C) * * = ie 
(Junction to Ambient) . . .156.25 °C/W 35 
Maximum Voltages and Currents (Ta=25 °C) a 
Vepo Collector to Base Voltage....... 40 V 2 eee cecke ae 
Veco Collector to Emitter Voltage..... 25 V 3. COLLECTOR IEC : PA33 
Vego Emitter to Base Voltage........ 6.0 V 
Ic Collector Current. ........... 15 A 
lg Base Current..........-..... 0.5A 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 














SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
[ heey DC Current Gain 45 135 = Vce=1.0 V, I¢=5.0 MA 
| hHeEQ DC Current Gain 85 160 300 - VceE=1.0 V, I¢=100 mA 
hFeE3 DC Current Gain 40 110 - Vce=1.0 V, i¢=800 mA 
fr Gain Bandwidth Product 100 190 MHz VcE=10 V, ic=50 mA 
Cob Output Capacitance 9.0 pF VcBp=10 V, {¢=0, f=1.0 MHz 
IcBo Collector Cutoff Current 100 nA VcB=35 V, ig=0 
ICEO Collector Cutoff Current 1.0 pA Vce =25 V, Ip =0. 
lEBO Emitter Cutoff Current 100 nA VEB=6.0 V, I¢=0 
VBE Base to Emitter Voltage 0.66 1.0 Vv VcE=1.0 V, Ic=10 mA 
VCE (sat) Collector Saturation Voltage 0.28 0.5 Vv I¢=800 mA, Ig=80 mA 
VBE (sat) Base Saturation Voltage 0.98 1.2 Vv I¢=800 mA, !g=80 mA 
BVcgo Collector to Base Breakdown Voltage 40 Vv 1¢=0.1 mA, Ie =0 
BVCEO Collector to Emitter Breakdown Voltage 25 Vv I¢=2.0 mA, Ig=0 
BVEBO Emitter to Base Breakdown Voltage 6.0 Vv tg=0.1 mA, Ic=0 


Classification of hee2 


re [es eT 
ee ee 


hee Test Conditions : VcgE =1.0 V, lc =100 mA 


56 


JESO50 


N E Cc ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


2.0 ¢--- 



























Pt —Total Power Dissipation ~W 











0 50 100 150 200 250 
Ta—Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
“VOLTAGE 





wee UUFT CI INA 











Pip=O.1 ma ig=0.1 mA ake. te 
8.0 12 16 20 


0 4.0 
VcE —Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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0 0.2 #04 #06 08 #%10 41.2 41.4 
VgeE—Base to Emitter Voltage—V 


Ic —Collector Current—A 


0.01 
0.1 0.3 





hgee—DC Current Gain 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 


SAFE OPERATING AREA VOLTAGE 
















































































I¢ —Collector Current—A 
























































10 3.0 30 100 


Vce —Collector to Emitter Voltage—V 0 0.4 0.8 1.2 1.6 2.0 


VceE —Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. COLLECTOR CURRENT 
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0.01 0.1 
Ic —Collector Current—A 


COLLECTOR SATURATION VOLTAGE 
vs, COLLECTOR CURRENT 
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0.01 0.1 1.0 5.0 
I¢ —Collector Current—A 
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hie —Input Impedance —kQ 


hoe — Output Admittance —uS 


NIEC ciectron vevice 


BASE SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 






































VBE(sat) —Base Saturation Voltage —V 









































\¢ —Collector Current—A 


INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 















































































































































0.1 0.3 1.0 3.0 10 30 100 
I¢—Collector Current—mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
a t=1.0 kHz 
Hit 
1 a 















































'¢—Collector Current—mA 

















hfe —Smail Signal Current Gain 


ff —Gain Bandwidth Product —MHz 








SMALL SIGNAL CURRENT GAIN 





vs. COLLECTOR CURRENT 
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10 30 
I¢—Collector Current—mA 


GAIN BANOWIDTH PRODUCT 
vs. COLLECTOR CURRENT 
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I¢ —Collector Current—mA 














hre—Voltage Feedback Ratio—X10~4 


Cob— Output Capacitance — pF 


JE8050 


VOLTAGE FEEDBACK RATIO 
vs. COLLECTOR CURRENT 

































































































































































0.1 0.3 1.0 3.0 10 «30 100 
\c —Collector Current—mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


50 
le =0, f=1.0 MHz 


> eee ei eat 
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VcB—Collector to Base Voltage—V 


NEC 


PNP SILICON TRANSISTOR 


inlet JE8550 
DESCRIPTION The JE8550 is designed for use in 2 W output amplifier of 
portable radios in class B push-pull operation. PACKAGE DIMENSIONS 
: in millimeters (inches) 
FEATURES ® High total power dissipation. (Pr : 2.0W, Tc =25 C) Sau 
® High collector current. (Ic : —1.5 A) (0.204 MAX.) 


® Complementary to JE8050. 






























ABSOLUTE MAXIMUM RATINGS se 
Maximum Temperatures <3 
Storage Temperature ........... —65 to +150 °C an 
Junction Temperature ........ +150 °C Maximum sat = 
Maximum Power Dissipations (0.018) 22 
Total Power Dissipation (Ta=25 °C) ........ 1.0 W r <s:lee 
Transistor mounted on printed circuit board, max. lead 254 2 = | < 
length 4 mm, mounting for collector lead min. 10 mm x (0.10) —<s8 
10 mm. 1.27 xs 
Total Power Dissipation (Tc = 25 °C) ....... 2.0 W (0.05) 3 
Thermal Resistance (Ta =25 °C) 2s 
(Junction to Ambient) ........ 156.25 °C/W y 8 
Maximum Voltages and Currents (Ta =25 °C) = 
Vcgo Collector to Base Voltage .......... —40 V 
VceEO Collector to Emitter Voltage ....... —25V Speeeta eck eee 
Veso Emitter to Base Voltage .......... —6.0 V 3. COLLECTOR IEC: PA33 
Ic Collector Current ............5. . -15A 
Ig Base Current ..............0008. —0.5A 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS | 
\ hEE4 DC Current Gain 45 170 - VcE=-1.0 V, Ic=—-5.0 mA 
hFEQ DC Current Gain 85 160 300 = Vce=-1.0 V, Ic=—-100 mA 
hFE3 DC Current Gain 40 80 - VcE=-1.0 V, lc=—-800 mA 
fT Gain Bandwidth Product 100 200 MHz VceE=-10 V, Ic=-S0 mA 
Cob Output Capacitance 15 pF Vcop=-10 V, 1E=0, f=1.0 MHz 
IcBo Collector Cutoff Current —100 nA Vcp=-35 V, IE=0 
ICEO Collector Cutoff Current -1.0 uA VceE=-25 V, Igp=0 
lEBO Emitter Cutoff Current —100 nA VeEB=-6.0 V, Ic=0 
VBE Base to Emitter Voltage ~—0.66 —1.0 Vv VceE=-1.0 V, Ic=-10 mA 
VCE(sat) Collector Saturation Voltage —0.28 ~—0.5 Vv I¢=—800 mA, Ig=—-80 mA 
VBE(sat) Base Saturation Voltage —0.98 —1.2 Vv I¢=-800 mA, ip=-80 mA 
BVcBo Collector to Base Breakdown Voltage —40 Vv ic=—0.1 mA, IE=0 
BVCEO Collector to Emitter Breakdown Voltage —25 Vv Ic=—2.0 mA, Igp=0 
BVEBO Emitter to Base Breakdown Voltage —6.0 Vv le=—0.1 mA, Ic=0 





Classification of hreg 

Rank B Cc D 
85 — 160 120 — 200 
VcE =-1.0 V, I¢=-100 mA 





Range 
hee Test Conditions : 


160 — 300 | 
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N. E Cc ELECTRON vidi 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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VCE(sat)— Collector Saturation Voitage— mV 





NEC tcectrow oevice 


VBE(sat)— Base Saturation Voltage—V 


hfe—Smail Signal Current Gain 


fog — Output Admittance — us 





BASE SATURATION VOLTAGE vs. 


COLLECTOR CURRENT 
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Cc ‘ob — Output Capacitance — pF 


JE8550 





INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 
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NEC NPN SILICON TRANSISTOR 
ELECTRON DEVICE JE9011 
















DESCRIPTION The JE9011 is designed for use in AM converter, AM/FM 
IF amplifier and general purpose amplifier. PACKAGE DIMENSIONS 
in millimeters (inches) 
FEATURES ®@ High total power dissipation. (P+ : 400 mW) (0204 MAX) 
ABSOLUTE MAXIMUM RATINGS ioe aa a 
Maximum Temperatures 2 3 
Storage Temperature ........... —55 to +150 °C an 
Junction Temperature ........ +150 °C Maximum set = 
Maximum Power Dissipation (Ta=25 °C) (0.018) gz 
Total Power Dissipation ................ 400 mW uk ag 
Maximum Voltages and Currents (Ta= 25 °C) rate =g— 
Vcso Collector to Base Voltage .......... 50 V 1.27 as 
Vceo Collector to Emitter Voltage ........ 30 V a) x ¥ 
Veso Emitter to Base Voltage ........... 5.0 V 25 
lc Collector Current...............0. 30 mA Zo S 
Ig Base Current ........... 0.00 e eee 10mA 1. EMITTER EIAJ :SC-43 
2. BASE JEDEC : TO-92 
3. COLLECTOR IEC : PA33 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC : : TEST CONDITIONS 
DC Current Gain VceE =5.0 V, Ic =1.0 MA 


Output Capacitance ; Vcp=10 V, le =0, f= 1.0 MHz 
. . VcE=5.0 V, Ic =1.0 mA, 
Noise Figure - : Rg=500 2, f= 1.0 MHz 


Gain Bandwidth Product VceE=5.0 V, Ic =1.0 mA 
IcBO Collector Cutoff Current Vcp=50 V, le =0 
jEBO Emitter Cutoff Current Vep=5.0 V, Ic =0 
VBE Base to Emitter Voltage é Voce =5.0 V, Ic=1.0 mA 
VCE (sat) Collector Saturation Voltage Ic =10 mA, Ig=1.0 mA 
BVcBO Collector to Base Breakdown Voltage I¢=0.1 mA, Ie=0 
BVCEO Collector'to Emitter Breakdown Voltage ' Ic =1.0 mA, !p=0 





BVEBO Emitter to Base Breakdown Voltage . lE=0.1 mA, Ic =0 


Classification of hee 








Rank D E F G H | 
Range 28 — 45 39 — 60 50 — 80 72 — 108 | 97 — 146 | 132 — 198 


here Test Conditions : Vcge =5.0 V, lc =1.0 mA 
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JE9011 


TYPICAL CHARACTERISTICS (Ta= 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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I¢ —Collector Current—mA 


GAIN BANDWIDTH PRODUCT 
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COLLECTOR CURRENT vs. 
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NEC ciectron vevice 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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OUTPUT CAPACITANCE vs. 
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TYPICAL SMALL SIGNAL “y” PARAMETERS 
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FORWARD TRANSFER ADMITTANCE vs. 
COLLECTOR CURRENT 
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NEC cctnon vevice JE9011 


COMMON BASE 
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NEC 


ELECTRON DEVICE 


DESCRIPTION 


FEATURES 


PNP SILICON TRANSISTOR 


The JE9012 is designed for use in 1 W output amplifier of 
portable radios in class B push-pull operation. 


High total power dissipation. (Pt : 625 mW) 
High collector current. (lc : —500 mA) 
Complementary to JE9013. 


Excellent linearity. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 

Storage Temperature ........... —55 to +150 °C 

Junction Temperature ........ +150 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 

Total Power Dissipation ................ 625 mW 
Maximum Voltages and Currents (Ta=25 °C) 


Vcso Collector to Base Voltage ........ -40 V 
Vceo Collector to Emitter Voltage ...... -20 V 
Veso Emitter to Base Voltage ......... -5.0 V 
Ic Collector Current............... ~500 mA 
IB Base Current .............00055 -100 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL 


CHARACTERISTIC 


heey DC Current Gain 


hFe2 DC Current Gain 


VCE (sat) Collector Saturation Voltage -0.18 -0.60 


VBE (sat) Base Saturation Voitage -0.95 —-—1.20 


VBE Base to Emitter Voltage —0.60 -0.67. —0.70 


BVcBO Collector to Base Breakdown Voitage -40 


BVCEO Collector to Emitter Breakdown Voltage -20 


BVEBO Emitter to Base Breakdown Voltage -5.0 


IcBo Collector Cutoff Current 


lEBO Emitter Cutoff Current 


Classification of hee. 








112-166 144—202 





hee Test Conditions : Voge =—1.0 V, Ic =—50 mA 


JE9012 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 
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TEST CONDITIONS 
Vce=-1.0 V, lc =-50 mA 
VcE=—-1.0 V, lc =—-500 mA 
Ic =—-500 mA, Ip =—-50 mA 
ic =-500 mA, Ip=-50 mA 
VceE=—-1.0 V, le =-10 mA 
Ic =—-0.1 mA, Ie =0 
Ic =-1.0 mA, Ip=0 
le =—-0.1 mA, Ic =O 
Vcgp=—-25 V, Ip =0 
Vep=—3.0 V, Ic =0 








I¢—Collector Current—mA 


JE9012 NEC etectron vevice 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


COLLECTOR CURRENT vs. 




















































































































































































TOTAL POWER DISSIPATION COLLECTOR TO EMITTER 
vs. AMBIENT TEMPERATURE SAFE OPERATING AREA VOLTAGE 
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VcE(sat)— Collector Saturation Voltage—mvV 
VBE(sat)— Base Saturation Voltage—V 
































0 
-0.1 -03 -—10 -30 -—10 -30 —100 ~—300-—1000 
—0.1 -03 -10 —30 -10 —30 —100 —300-—1000 i¢—Collector Current—mA 

I¢—Collector Current—mA 


















































eae 


—kQ 


Nie — INPUT impedance 








NEC etectaon vevice 


TYPICAL SMALL SIGNAL “h” 
PARAMETERS COMMON EMITTER 


INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 
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OUTPUT ADMITTANCE vs. 
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SMALL SIGNAL CURRENT GAIN 
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JE9012 


VOLTAGE FEEDBACK RATIO 
vs. COLLECTOR CURRENT 
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NEC 


ELECTRON DEVICE 


DESCRIPTION 


FEATURES 


NPN SILICON TRANSISTOR 


The JE9013 is designed for use in 1 W output amplifier of 


portable radios in class B push-pull operation. 


@ High total power dissipation. (Pt: 625 mW) 


@ High collector current. (Ic: 500 mA) 
e Complementary to JE9012. 
e@ Excellent hfe linearity. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ........... —55 to +150 °C 


Junction Temperature ........ +150 °C Maximum 


Maximum Power Dissipation (Ta=25 °C) 


Total Power Dissipation............... 


Maximum Voltages and Currents (Ta= 25 °C) 


Vcso Collector to Base Voitage......... 
Vceo Collector to Emitter Voltage ...... 
Veso Emitter to Base Voltage.......... 
Ic Collector Current .............. 


lB Base Current .................. 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL 
hFe1 
hFE2 
VCE (sat) 
VBE(sat) 
VBE 
BVcBO 


BVCEO 


BVEBO 
IcBo 
lEBO 


CHARACTERISTIC 
DC Current Gain 
DC Current Gain 
Collector Saturation Voltage 
Base Saturation Voltage 
Base to Emitter Voltage 
Collector to Base Breakdown Voltage 
Collector to Emitter Breakdown Voltage 
Emitter to Base Breakdown Voitage 
Collector Cutoff Current 


Emitter Cutoff Current 





Classification of heey 








Rank D E F G H 
Range 64-91 78—112 96-135 112-166 144-202 


hee Test Conditions : VceE=1.0 V, Ic =50 mA 


JE9013 


PACKAGE DIMENSIONS 
in millimeters (inches) 
5.2 MAX. 
(0.204 MAX.) 


a 













ie 
> 
2s 
0 2 
wn 
—___} = 
0.45 : 
0.018 22 
(0.018) 22 
Bi s 
x= [Ss 
2.54 Satie 
(0.10) rg 
1.27 as 
(0.05) 2 
xz 
S = 
a) 
ts 
7 tS 
1. EMITTER E!AJ :SC-43 
2. BASE JEDEC : TO-92 
3.COLLECTOR IEC > PA33 


TEST CONDITIONS 
VcE=1.0 V, Ic =50 mA 
Vce=1.0 V, Ic =500 mA 
I¢ = 500 mA, !p=50 mA 
I¢ = 500 mA, Ig=50 mA 
Vce=1.0 V, Ic=10 mA 
Ic =0.1 mA, te=0 
Ic=1.0 mA, Ig=0 
le =—-0.1 mA, Ic =0 
Vcgp=25 V, Ip=0 
Vep=3.0 V, Ic=0 


JE9013 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 
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Voce —Collector to Emitter Voltage—V 


COLLECTOR SATURATION VOLTAGE 


vs. COLLECTOR CURRENT 
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VcE—Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 











































































































N. FE Cc ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 
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Vog —Collector to Emitter Voltage—V 


OC CURRENT GAIN vs. 
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Vee —Base to Emitter Voltage—V 


BASE SATURATION VOLTAGE 


vs. COLLECTOR CURRENT 
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VBE(sat) ~ Base Saturation Voltage ~ V 























VCE (sat) ~ Collector Saturation, Voltage -- my 
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I¢—Collector Current-~mA 


hie—Input Impedance —kQ 


Hoe — Output Admittance — uS 


NEC ucraon oevice 


TYPICAL SMALL SIGNAL 


“h” PARAMETERS COMMON EMITTER 


INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 
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\¢—Collector Current —mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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lI¢—Collector Current—mA 


SMALL SIGNAL CURRENT GAIN 
vs. COLLECTOR CURRENT 
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JE9013 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 
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NEC NPN SILICON TRANSISTOR 
ELECTRON DEVICE JE9014 


DESCRIPTION The JE9014 is designed for use in pre-amplifier of low level PACKAGE DIMENSIONS 


and low noise. in millimeters (inches) 















(0204 MAX) 
FEATURES @ High total power dissipation. (P+ : 625 mW) 
@ Complementary to JE9015. ae 4 , 
@ High hfe and good linearity. 2 E: 
ABSOLUTE MAXIMUM RATINGS 38 
Maximum Temperatures oer Tt 
Storage Temperature ............ —55 to +150 °C (0.018) Zz 
Junction Temperature ........ +150 °C Maximum x [ag 
Maximum Power Dissipation (Ta =25 °C) Go) = 
Total Power Dissipation............... 625 mW tees a 
Maximum Voltages and Currents (Ta=25 °C) 2 < 
VcsBo Collector to Base Voltage ......... 50 V y 8 
Vceo Collector to Emitter Voltage ....... 45 Vv 
. 1. EMITTER EIAJ : SC-43 
Veso Emitter to Base Voltage .......... 5.0 V 2. BASE JEDEC : TO-92 
Ic Collector Current................ 100 mA Doone Gane iii 
IB Base Current .............02000- 100 mA 


ELECTRICAL CHARACTERISTICS (Ta =25 °c) 
SYMBOL CHARACTERISTIC A : TEST CONDITIONS 
DC Current Gain 280 1000 Vce=5.0V,1c=1.0 mA 


Collector to Base Capacitance 2.2 3.5 Vcg=10 V, le=0, f= 1.0 MHz 


ae, Vee =8.0 V, Ic=0.2 mA, 
Noise Figure 0.9 10 RG=20 kQ, 10 kHz, Af=200 Hz 


Gain Bandwidth Product VceE=5.0 V,Ilc=10mA 
Collector Cutoff Current Vcp=50 V, lE=0 
Collector Cutoff Current VceE=45 V, Ip=0 
Emitter Cutoff Current VeEB=5.0 V, Ic=0 
Collector to Base Breakdown Voltage Ic=0.1 mA, le =0 
Collector to Emitter Breakdown Voltage Ic¢=1.0 mA, ig=0 
Emitter to Base Breakdown Voltage : le =0.1 mA, Ic=0 

Base to Emitter Voltage VcE=5.0V,1c=2.0 mA 
Collector Saturation Voltage .I¢=100 mA, Ig=5.0 mA 


Base Saturation Voltage 1c =100 mA, Ig=5.0 mA 


Rank 





Range 





hfe Test Conditions : Vcg =5.0 V, Ic=1.0 mA 


VBE(sat)— Base Saturation Voltage —V 


Py —Total Power Dissipation — mW 


JE9014 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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Ta—Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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Vee ~Base to Emitter Voltage—V 


BASE SATURATION VOLTAGE vs. 
COLLECTOR aida 
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Ic —Collector Current—mA 


heg —DC Current Gain 


ft —Gain Bandwidth Product —MHz 











COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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Voge —Collector to Emitter Voltage —mV 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 
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NEC ELECTRON DEVICE 


COLLECTOR CURRENT v 
COLLECTOR TO EMITTER VOLTAGE 
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Ic —Collector Current —mA 
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Voce — Collector to Emitter Voltage —V 


COLLECTOR SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 








VCE (sat) ~ Collector Saturation Voltage —V 
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I¢ ~Collector Current—mA 


COLLECTOR TO BASE CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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Vcp—Collector to Base Voltage—V 


NEC ttectron pevict 


TYPICAL SMALL SIGNAL “h” PARAMETERS 


COMMON EMITTER 


INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 
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l¢— Collector Current —mA 
OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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I¢ ~Collector Current —mA 


FEEDBACK TRANSFER ADMITTANCE vs. 


COLLECTOR CURRENT 
Qn 





VcE=5.0 V 
f=455 kHz 

































































0.1 0.3 1.0 3.0 10 
\¢ —Collector Current —mA 


Bre —Feedback Transfer Conductance ~ m 
Dre — Feedback Transfer Susceptance—m 


hfe — Small Signal Current Gain 






SMALL SIGNAL CURRENT GAIN vs. 
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JE9014 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 
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{¢— Collector Current ~ mA 


TYPICAL SMALL SIGNAL “y” PARAMETERS 
COMMON EMITTER 


Zoe — Output Conductance —mS 


Zie — Input Conductance — mS 
bie — Input Susceptance — mS 


boe— Output Susceptance — mS 


INPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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Ig ~~ Collector Current —mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 


Vce=5.0 V 
f=455 kHz 
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I¢ —Collector Current — mA 
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FORWARD TRANSFER ADMITTANCE vs, 
COLLECTOR CURRENT 
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£fe —Forward Transfer Conductance —mS 
bfe- Forward Transfer Susceptance —mS 
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I¢ —Collector Current—mA 
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Rg — Source Resistance—Q 


PNP SILICON TRANSISTOF 


JE9015 


NEC 


ELECTRON DEVICE 


DESCRIPTION The JE9015 is designed for use in pre-amplifier of low level. 


PACKAGE DIMENSIONS 


and low noise. in millimeters (inches) 












5.2 MAX. 
(0.204 MAX.) 
FEATURES © High total power dissipation. (Pt: 625 mW) as 
© Complementary to JE9014. <x ae 
@ High hfe and good linearity. 5 2 2 
ABSOLUTE MAXIMUM RATINGS r Perea 3 = 
Maximum Temperatures | iT (0.018) gz 
Storage Temperature ........... —55 to +150 °C 5 x ag 
Junction Temperature ....... +150 °C Maximum oo ea at 
Maximum Power Dissipation (Ta=25 °C) 1.27 Ns 
Total Power Dissipation............... 625 mW oo) x2 
Maximum Voltages and Currents (Ta=25 °C) ~ 8 
Vcso Collector to Base Voltage........ —50 V “s 
Vceo Collector to Emitter Voltage ..... -45 V - eee ine maget 
Vepo Emitter to Base Voltage......... -5.0 V Se COURS SECM EE atinee 
Ic Collector Current .............. -100 mA 
IB Base Current ................- -100 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC TYP. MAX. UNIT TEST CONDITIONS 


hee DC Current Gain Vce=—5.0 V, Ic=-1.0 mA 


Cob 

NF 

fr 

'cBO 
ICEO 
lEBO 
BVcBO 
BVCEO 
BVEBO 
VBE 
VCE(sat) 
VBE(sat) 


Collector to Base Capacitance 

Noise Figure 

Gain Bandwidth Product 

Collector Cutoff Current 

Collector Cutoff Current 

Emitter Cutoff Current 

Collector to Base Breakdown Voltage 
Collector to Emitter Breakdown Voltage 


Emitter to Base Breakdown Voltage 


Base to Emitter Voltage 


Collector Saturation Voltage 


Base Saturation Voltage 


Classification of hee 
















B Cc 
100-300 |; 200—600 





hFE Test Conditions : Vcg =—5.0 V, Ic =-1.0 mA 


~—50 

—45 

—5.0 
—0.65 
—0.20 
—0.82 


TA 


-0.75 
-0.70 
-1.0 


Vep=-10 V, IE=0, f=1.0 MHz 


Vce=—5.0 V, I¢=—-0.2 mA, 
RG=2.0 kQ, f=1.0 kHz, Af=200 Hz 


VceE=—5.0 V, Ic¢=-10 MA 


Vcp=—50 V, le= 
Vce=—50 V, IB= 


0 
0 


VeB=—5.0 V, Ic=0 


Ic=—-0.1 mA, le= 
Ic=-1.0 mA, tB= 
IE =—0,1 mA, Ic= 


0 
0 
0 


VcE=-5.0 V, I¢=-2.0 mA 


I¢=-100 mA, 1g=—5.0 mA 


Ic=—100 mA, Ig=—-5.0 mA 





JE9015 


P+ —Total Power Dissipation —-mW 


\¢ —Collector Current —mA 
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TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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Vee ~ Base to Emitter Voltage —V 


BASE SATURATION VOLTAGE vs. 


COLLECTOR CURRENT 

















































































































I¢ —Collector Current—mA 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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I¢ —Collector Current —mA 


GAIN BANDWIDTH PRODUCT vs, 
COLLECTOR CURRENT 
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fy —Gain Bandwidth Product —MHz 
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ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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COLLECTOR SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 









































VCE(sat) — Collector Saturation Voltage —V 
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I¢ Collector Current —mA 
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COLLECTOR TO BASE CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 




















Cob — Collector to Base Capacitance — pF 





Veg ~ Collector to Base Voltage —V 





NEC aectron vevice JE9015 


TYPICAL SMALL SIGNAL “h” PARAMETERS 
COMMON EMITTER 


















































INPUT IMPEDANCE vs. SMALL SIGNAL CURRENT GAIN vs. * VOLTAGE FEEDBACK RATIO vs, 
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\¢ —Collector Current -mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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Ig — Collector Current —mA 


Rg —Source Resistance —Q 
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NEC NPN SILICON TRANSISTOR 


ELECTRON DEVICE J E 1 
DESCRIPTION The JE9016 is designed for use in AM converter and FM PACKAGE DIMENSIONS 
RF amplifier of low noise. in millimeters (inches) 
5.2 MAX. 
(0.204 MAX.) 
FEATURES @ High total power dissipation. (P+ : 400 mW) 





i 



















ABSOLUTE MAXIMUM RATINGS 2s 
Maximum Temperatures ie 5 
Storage Temperature ........... —§5 to +150 °C Pr aa i - 
Junction Temperature ........ +150 °C Maximum 32 
Maximum Power Dissipation (Ta = 25 °C) a3 
Total Power Dissipation ................ 400 mW faa a 

Maximum Voltages and Currents (Ta = 25 °C) Gas és 
Vceo Collector to Base Voltage ......... 30 V 2 E: 
Vceo Collector to Emitter Voltage ....... 20 V y 8 
Vespo Emitter to Base Voltage ......... 40 V © 

Ic Collector Current ............... 25 mA . eee senee Too2 

3. COLLECTOR IEC : PA33 


Ip Base Current ................. 5.0 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °c) 
SYMBOL CHARACTERISTIC : 5 TEST CONDITIONS 
DC Current Gain Vee =5.0 V, lc =1.0 mA 


Collector to Base Capacitance ‘ Vep=10 V, le =0, f= 1.0 MHz 


: ' Vce =5.0 V, Ic =1.0 mA, 
Noise Figure : : Rg =50 2, f= 100 MHz 


Gain Bandwidth Product VceE=5.0 V, Ic =1.0 mA 
IcBo Collector Cutoff Current Vcp=30 V, lE=0 
lEBO Emitter Cutoff Current Veg =4.0 V, Ic =0 
BVcBO Collector to Base Breakdown Voltage Ic =0.1 mA, IE =0 
BVCEO Collector to Emitter Breakdown Voltage Ic=1.0 mA, Ip=0 
BVegoO Emitter to Base Breakdown Voltage 4 le =0.1 mA, !c=0 
VBE Base to Emitter Voltage Vce=5.0 V, Ic=1.0 mA 


VCE (sat) Collector Saturation Voltage ; é Ic =10 mA, Ip=1.0 mA 





Classification of hre 
H | 





28-45 | 39-60 97-146 | 132-198 





hfe Test Conditions : Vce =5.0 V, Ic =1.0 mA 
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JE9016 


Py—Total Power Dissipation — mW 


VCE(sat) ~ Collector Saturation Voltage —V 
VBE(sat)~ Base Saturation Voltage —V 


—Input Conductance — mS 
—Input Susceptance — mS 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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Ta—Ambient Temperature —°C 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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I¢—Collector Current — mA 
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Voge — Collector to Emitter Voltage — V 


COLLECTOR TO BASE CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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Cop — Collector to Base Capacitance — pF 


Vcg— Collector to Base Voltage~V 


TYPICAL SMALL SIGNAL “y” PARAMETERS 


COMMON EMITTER 


INPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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8fe —Forward Transfer Conductance —mS 


FORWARD TRANSFER ADMITTANCE vs. 
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bfe—Forward Transfer Susceptance —mS 
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Bre — Feedback Transfer Conductance —mS 
bre—Feedback Transfer Susceptance — mS 
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ELECTRON DEVICE 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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l¢— Collector Current—mA 


GAIN BANDWIDTH PRODUCT vs. 
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ft —Gain Bandwidth Product —MHz 
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FEEDBACK TRANSFER ADMITTANCE vs. 
COLLECTOR CURRENT 
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I¢—Collector Current—mA 
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NEC ELECTRON DEVICE 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 











f= 100 MHz 















































Zoe — Output Conductance — mS 
Doe — Output Susceptance — mS 
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I¢— Collector Current —mA 


FEEDBACK TRANSFER ADMITTANCE vs. 
FREQUENCY 
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f—Frequency —MHz 
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8re —Feedback Transfer Conductance — mS 
bre —Feedback Transfer Susceptance — mS 


FORWARD TRANSFER ADMITTANCE vs. 
COLLECTOR CURRENT 






















































































fb Forward Transfer Conductance — 
bfp —Forward Transfer Susceptance — 
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I —Collector Current -mA 


INPUT ADMITTANCE vs. 
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FEEDBACK TRANSFER ADMITTANCE vs. 
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Bib —!nput Conductance — mS 
bib — Input Susceptance —mS 


8fe —Forward Transfer Conductance ~ mS 


JE9016 


FORWARD TRANSFER ADMITTANCE vs. 
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INPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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NOISE FIGURE vs. 
COLLECTOR CURRENT 


Vor =5.0 v 
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NF —Noise Figure —dB 






















































































0.1 0.3 10 3.0 10 30 
I¢ ~Collector Current —mA 


NEC NPN SILICON TRANSISTOR 
















ELECTRON DEVICE J E 9 0 1 3 
DESCRIPTION The JE9018 is designed for use in AM/FM IF amplifier and 
local oscillator of FM/VHF tuner. PACKAGE DIMENSIONS 
in millimeters (inches) 
FEATURES ® High total power dissipation. (P7 : 400 mW) eae 
@ High gain bandwidth product. (f-=1 100 MHz TYP.) 
® Stable oscillation and small frequency drift for supply ie 
voltage and ambient temperature change. 2 Es 
3 
ABSOLUTE MAXIMUM RATINGS ot = 
Maximum Temperatures (0.018) gz 
Storage Temperature ........... —55 to +150 °C x iG 
Junction Temperature ........ +150 °C Maximum 2.54 mf _ 
Maximum Power Dissipation (Ta=25 °C) i 3 
Total Power Dissipation............... 400 mW ee x x 
Maximum Voltages and Currents (Ta= 25 °C) = 
VcsBo Collector to Base Voitage.......... 30 V “8 
Vceo Collector to Emitter Voitage ....... 15 V 1. EMITTER EIAJ : SC-43 
. 2. BASE JEDEC : TO-92 
Vespo Emitter to Base Voltage ........... 5.0 V 3. COLLECTOR !EC_ : PA33 
Ic Collector Current ............... 50 mA 
iB Base Current.............00000- 10 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC % . TEST CONDITIONS 
DC Current Gain Vce =5.0 V, Ic =1.0 mA 
Output Capacitance Vcp=10 V, Ile =0, f= 1.0 MHz 
Gain Bandwidth Product Vce=5.0 V, 1c =5.0 mA 

ICBO Collector Cutoff Current Vcpz12 V, le =0 

BVCBO Collector to Base Breakdown Voltage ic=0.1 mA, lE=0 

BVCEO Collector to Emitter Breakdown Voltage Ic=1.0 mA, Igp=0 

BVEBO Emitter to Base Breakdown Voltage : lg =0.1 mA, Ic =0 

VCE (sat) Collector Saturation Voltage . : Ic =10 mA, Ip=1.0 mA 





Classification of hre 
D E G 
28—45 39—60 72—108 132-198 








heg Test Conditions : Voce =5.0 V, Ic =1.0 mA 


on 


JE9018 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


NEC ttectron vevice 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
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P+—Total Power Dissipation — mW 
I¢—Collector Current—mA 


l¢—Collector Current— mA 
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I¢—Collector Current mA Vcp—Collector to Base Voltage—V 
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ELECTRON DEVICE 


DESCRIPTION 


FEATURES 


NPN SILICON 


The JE9100 is designed for use in general purpose amplifier. 


@ High total power dissipation (Py : 625 mW) 
@ Small capacitance 


TRANSISTOR 
JE9100 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2MAX. 
(0.204MAX.) 




















a 
Sx 
wa 
ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) © 
Maximum Temperatures 0.5 22 
Storage Temperature............... 55 to +150°C it u® 
Junction Temperature .......... +150°C Maximum res t 
a 
Maximum Power Dissipation (Ta = 25°C) 1.27 
0.05) rar Wee 
Total Power Dissipation. .............00 625 mW Z2 » = 
Fs |S3 
Maximum Voltages and Currents oe as 
Vcso Collector to Base Voltage. ......... 60 V Seer 
VcEO Collector to Emitter Voltage........ 60 V 4 teeee Boh seeees 
VeEBO Emitter to Base Voltage ........... 7.0 V 2. BASE JEDEC : TO-92 
3. COLLECTOR IEC —: PA33 
Ic Collector Current .............. 100mA 
i} Base Current ..............206. 100mA 


CHARACTERISTIC 


TEST CONDITIONS 





totf 
leso 
EBO 
BVcBo 
BYVcEo 
BVego 
Vee 
VCE (sat) 
VBE (sat) 


DC Current Gain 

Gain Bandwidth Product 

Output Capacitance 

Input Capacitance 

Noise Figure 

Turn on Time 

Turn off Time 

Collector Cutoff Current 

Emitter Cutoff Current 

Collector to Base Breakdown Voltage 
Collector to Emitter Breakdown Voltage 
Emitter to Base Breakdown Voltage 
Base to Emitter Voltage 

Collector Saturation Voltage 


Base Saturation Voltage 


Classification of here 


Rank 


60 

60 

7.0 
0.63 





D 


Voge = 10V, Ig = 2.0MA 

Veg = 5.0V, Io = 10mMA 

Veg = 10V, le = 0, f = 1.0 MHz 
Veg = O.5V, Ic = 0, f = 1.0MHz 
Veg =5.0V, Ico = 0.2MA, Rg = 20kQ, f= 30 ~15kHz 
Test Circuit 

Test Circuit 

Vop = 40V, ig =0 

Veg =7.0V, Ic =0 

Ic = 0,1 mA, le = 0 

Io =1.0mA, Reg = © 

l_ =0.1mA, Ilo =0 

Vee = 5.0V, Ig = 2.0MA 

lo = 10mA, lg = 1.0mMA 

Ico = 10mA, tg = 1.0MA 





Range 





A B C 
50 — 104 | 85 — 130 | 100 — 160 


125 — 185 





hee Test Conditions: Veg = 10V, Ic =2.0mMA 


G 
180 — 295 | 240 — 550 


JE9100 NEC etectron vevice 


TYPICAL CHARACTERISTICS (Ta=25°C) 






















































































TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
1000 2.0 10 
| | ree 
% 1.8 0 r {|_| 
F 800 < 16 € 8. 
§ v a 
3 600 3 1.2 5 6. 
5 S10 5 
& 400 2 08 #4. 
Ae 3 ‘ 
S ms x 
1 200 0.4 2 2.0 
. of Zoe 
le {Citi tt fet J 
0 30 60 90 120 150 0 02 O04 06 O08 1.0 
Ta—Ambient Temperature —"C Vce—Collector to Emitter Voltage—V Vce—Collector to Emitter Voltage -V 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE COLLECTOR CURRENT 






Vce=10V 






















































































hep —DC Current Gain 

















\¢ - Collector Current —mA 








\¢~ Collector Current -mA 

























































































0 10 20 30 40 50 
Vce—Collector to Emitter Voltage~V 











\-— Collector Current —mA 


Q 0.4 0.6 0.8 0 1 


7 E x ; E 14 
Vpe~ Base to Emitter Voltage—V 


COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR BASE SATURATION VOLTAGE INPUT AND OUTPUT CAPACITANCE 
CURRENT vs. COLLECTOR CURRENT vs. REVERSE VOLTAGE 




















Cip—Input Capacitance — pF 
C,,~— Output Capacitance — pF 

















sat) Collector Saturation Voltage —V 
Visetsary Base Saturation Voltage —V 
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mB Att oen 
¥ £ 
Vep—Emitter to Base Volt age—V 
10 30 10 30 100 Vcp~Collector to Base Voltage~V 
lc —Collector Current —mA le —Collector Current —mA 


RQ 


NEC etectron pevice 


f>—Gain Bandwidth Product — MHz 





GAIN BANDWIDTH PRODUCT 
vs. COLLECTOR CURRENT 







































































t4) 
10 3.0 10 30 10 


lc~Coltector Current — mA 


ton, to¢¢ Test Circuit 





Vee=—3.0V 
Ve=+15V 
Vin 
10% 
Vout 


90% 


To Sampling 
Oscilloscope 


Ves=12V 
Vio=—15V 
10% 
Vin 
90% 
Vout 


toft 


JE9100 


NEC 


ELECTRON DEVICE 


DESCRIPTION 


FEATURES 


@ Small capacitance 


ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 


Maximum Temperatures 


Storage Temperature ............... 
Junction Temperature ....... +150°C Maximum 
Maximum Power Dissipation (Ta = 25°C) 


Total Power Dissipation. ..............4. 


Maximum Voltages and Currents 


Vcso Collector to Base Voltage 
VcEO Collector to Emitter Voltage 
VeBo Emitter to Base Voltage 
Ic Collector Current ... 
Ip Base Current ...... 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


SYMBOL 


CHARACTERISTIC 


@ High total power dissipation (P+ : 625 mW) 


ee 
ed 


55 to +150°C 


NPN SILICON TRANSISTOR 


JE9101 


The JE9101 is designed for use in general purpose amplifier. 


PACKAGE DIMENSIONS 
in millimeters (inches) 


5.2MAX. 
(0.204MAX.) 









5.5MAX. 
(0.216MAX.) 





22 
eS 
A 2 
aS 
625 mW FEAFE 
53/28 
g(a 
S 
40V 
30V 1. EMITTER EIAJ : SC-43 
7.0V 2. BASE JEDEC : TO-92 
3. COLLECTOR IEC + PA33 
100 mA 
100 mA 


TEST CONDITIONS 





tott 

lcBo 
leBo 
BVcBo 
BVcEo 
BVEBO 
Vee 
VE (sat) 
VBE (sat) 


DC Current Gain 
Gain Bandwidth Product 
Collector to Base Capacitance 


Emitter to Base Capacitance 


Noise Figure 


Turn on Time 

Turn off Time 

Collector Cutoff Current 

Emitter Cutoff Current 

Collector to Base Breakdown Voltage 40 

Collector to Emitter Breakdown Voltage 30 

Emitter to Base Breakdown Voltage 7.0 
Base to Emitter Voltage 0.63 
Collector Saturation Voltage 


Base Saturation Voltage 


Classification of hfe 


Rank 


A B Cc D 





Range 


50 — 110 | 100 — 200 | 180 — 400 } 350 ~ 700 
hee Test Conditions: Vcg = 10V, ic =2.0mA 








R45 


Vee = 10V, I¢ = 2.0MA 

Vee = 5.0V, Ico = 10mA 

Veop = 10V, Ie = 0, f = 1.0MHz 
Ves = 0.5V, ic = 0, f = 1.0 MHz 
Vee = 5.0V, Ie = 02mA, Rg= 20kQ, =30~15kHz 
Test Circuit 

Test Circuit 

Veop = 40V, Ie = 0 
Vep=7.0V, Ic =0 

I¢ = 0.1mA, Ie = 0 
lco=1.0mA, Reg =? 

Ie =0.1mMA, Ic =O 

Vee = 5.0V, Io =2.0mMA 

Ic = 10mA, Ig = 1.0mMA 

Ic = 10 mA, Ig = 1.0mMA 





JE9101 


TYPICAL CHARACTERISTICS (Ta=25°C) 


1000 


P+—Total Power Dissipation —mW 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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0 30 60 90 120 150 


Ta—Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


I¢—Collector Current —mA 


Veeiset:— Collector Saturation Voltage —V 





VP r= 625mW 


























Vce—Collector to Emitter Voitage-V 


COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR 
CURRENT 





































































































10 3.0 10 30 100 300 
Ic —Collector Current—mA 


COLLECTOR CURRENT vs. 


COLLECTOR TO EMITTER VOLTAGE 


Ic—Collector Current —mA 


l¢—Collector Current —mA 


Veeise1) —Base Saturation Voltage —V 











Vcge—Collector to Emitter Voltage —-V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


BASE SATURATION 


VOLTAGE vs. COLLECTOR 


CURRENT 















































0 


tc—Collector Current—mA 
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N. E Cc ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


Ci,—Emitter to Base Capacitance — pF 


ic —Cotlector Current ~mA 





hee —DC Curreot Gain 





























Vce~Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 












































1.0 3.0 10 30 100 300 
Ic —Collector Current —mA 


CAPACITANCE vs. REVERSE VOLTAGE 


C.p—Collector to Base Capacitance — pF 





























































































































1.0 3.0 10 30 


Ven—Emitter to Base Voltage—V 
Vcp~Collector to Base Voltage—V 


N EF ELECTRON DEVICE 


GAIN BANDWIDTH PRODUCT vs, 
COLLECTOR CURRENT 
































f¢—Gain Bandwidth Product — MHz 





















































1.0 3.0 10 30 100 
l¢—Collector Current —mA 





ton, toff Test Circuit 


220Q 0.1 uF 











Vas=—3.0V 
Vn=+15V 
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50Q To Sampling 
ros atill 0.0023 uF 
O.1 uF ~8.0v 


Vout 


Oscilloscope 


JE9101 





PNP SILICON TRANSISTOR 


NEC 




























ELECTRON DEVICE J ES 1 1 2 

DESCRIPTION The JE9112 is designed for use in output amplifier of 

portable radios in class B push-pull operation. PACKAGE DIMENSIONS 
in millimeters (inches) 

FEATURES ® High total power dissipation. (Pt : 2.0 W, Tc =25 °C) 

@ High collector current. (Ic : —1.5 A) Gaeu 
© Complementary to JE9113. an 
{ 
ABSOLUTE MAXIMUM RATINGS ec: 
Maximum Temperatures 35 
Storage Temperature.......... —65 to +150 °C ae 
Junction Temperature. ...... +150 °C Maximum ———} = 
Maximum Power Dissipations z3 
Total Power Dissipation (Ta=25 °C)... ... 1.0 W ~= 
Transistor mounted on printed circuit board, vs 
max. jead length 4 mm, mounting pad for collector lead min. 2.54 om i 
10 mm x 10 mm. (0.10) 
Total Power Dissipation (Tc =25 °C).....- 2.0 W Gos) _ 
Thermal Resistance (Ta= 25 °C) E: 
(Junction to Ambient)... 156.25 °C/W = 8 
Maximum Voltages and Currents (Ta=25 °C) Ss 
Veso Collector to Base Voltage ........ -35 V 
Veco Collector to Emitter Voltage...... -25 V Ms Dee ae ages 
Vepo Emitter to Base Voitage......... -6.0 V 3. COLLECTOR IEC : PA33 
lo Collector Current.............. -1.5A 
lp Base Current. ............0-0. —-O0.5A 

ELECTRICAL CHARACTERISTICS (Ta=25 °C) 

L SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
heey DC Current Gain 40 180 - Vce =—-1.0 V, Ic =-5.0 mA 
hFEQ DC Current Gain 60 180 300 - Voce =—-1.0 V, Io =-100 mA 
hee3 DC Current Gain 30 110 - Vee =—-1.0 V, l¢=—1000 mA 
fr Gain Bandwidth Product 10 50 MHz Vce =—-5.0 V, Ic=-10 mA 
Cob Output Capacitance 26 pF Vcp=—10 V, le =0, f= 1.0 MHz 
IcBo Collector Cutoff Current —100 nA Vcp=—35 V, le =0 
ICEO Collector Cutoff Current -1.0 uA VcE=—25 V, Ip=0 
\EBO Emitter Cutoff Current —100 nA Vep=-6.0 V, Ic=0 
VBE Base to Emitter Voltage —0.96 -1.0 Vv VcE =-1.0 V, Ic =-800 mA 
VCE (sat) Collector Saturation Voltage -0.2 —0.5 Vv Ic =—800 mA, Ig =—80 mA 
VBE (sat) Base Saturation Voltage —0.95 -1.2 Vv Ic =—-800 mA, Ig =—80 mA 
BVcBO Collector to Base Breakdown Voltage —35 V 1¢=—0.1 MA, le =0 
BVcEO Collector to Emitter Breakdown Voltage —25 Vv I¢=—2.0 mA, Ig =0 

| _BVEBO Emitter to Base Breakdown Voltage —6.0 Vv ig =-0.1 mA, ic =0 








Classification of rez 


- Rank 
Range 60 —120 85 — 160 120 — 200 160 — 300 


hee Test Conditions : Vcg =—1.0 V, I¢=-100 mA 
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JE9112 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


2.00--- 


SAFE OPERATING AREA 
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I¢- Collector Current - A 








P7-—Total Power Dissipation—W 









































0 50 100 150 200 250 


Ta~Ambient Temperature —°C Vcg Collector to Emitter Voltage —V 


COLLECTOR CURRENT vs. 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


COLLECTOR TO EMITTER VOLTAGE 

















I¢—Collector Current—A 























I¢—Collector Current— A 























Vcg—Collector to Emitter Voltage—V 











0 -0.2 -04 -06 -08 ~10 
Vee —Base to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


BASE SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 






































































































































hee —DC Current Gain 





veos vatuiauUull VUHAGBE— V 




















-30-50 


0.001 -0.003 -001 -003 -01 -03 -10 






































I¢—Collector Current—A 






























































-01 -03  -10 -30-50 


Ic —Collector Current—A 


an 


NEC etrctron oevice 


COLLECTOR CURRENT vs. : 
COLLECTOR TO EMITTER VOLTAGE 























I¢ — Collector Current ~ mA 



































0 -4.0 -8.0 -12° -16 —20 
Voce Collector to Emitter Voltage—V 


COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 


-10e= 























VCE(sat)— Collector Saturation, Voltage —V 









































-10 -30-50 


-0.001 -0.003 -001 -003 -01 -03 


I¢ Collector Current—A 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 











fy - Gain Bandwidth Product - MHz 















































—3.0 -10 —30 
I¢—Collector Current—mA 


Cop — Output Capacitance — pF 


NEG erctron oevice 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


1 00 f+ + + FA 





























1 
-1.0 ~3.0 -10 -30 -100 
Yop —Collector to Base Voltage-—V 
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JE9112 


NEC NPN SILICON TRANSISTOR 
ELECTRON DEVICE JE9113 












































DESCRIPTION The JE9113 is designed for use in output amplifier of 
portable radios in class B push-pull operation. PACKAGE DIMENSIONS 
in millimeters (inches) 
FEATURES @ High total nower dissipation. (Py : 2.0 W, Tc=25 °C) 5.2 MAX, 
® High collector current. (Ic : 1.5 A) (0.204 MAX.) 
® Complementary to JE9112. | 
Sanne 
ABSOLUTE MAXIMUM RATINGS 23 
Maximum Temperatures rae 
Storage Temperature........ —65 to +150 °C ws 
Junction Temperature ...... +150 °C Maximum oat : 
Maximum Power Dissipations oe 32 
Tota! Power Dissipation(Ta=25 °C). ..... 1.0 W eS x ag 
Transistor mounted on printed circuit board, 2.54 _ $s eee 
max. lead length 4 mm, mounting pad for collector lead min. (0.10) é 8 
10 mm x 10mm. 1.27 af 
Total Power Dissipation (Tc =25 °C) ..... 2.0W ise x x 
Thermal Resistance (Ta=25 °C) . a = - 
(Junction to Ambient) . . 156.25 °C/W ial 
Maximum Voltages and Currents (Ta=25 °C) < 
Vespo Collector to Base Voltage....... 35 V . Seco Gecke eee 
Veeo Collector to Emitter Voltage ..... 25 V 3. COLLECTOR IEC : PA33 
Vepo Emitter to Base Voltage........ 6.0 V 
Ic Collector Current. ........... 1.5 A 
Ip Base Current .............-. O5A 
ELECTRICAL CHARACTERISTICS (Ta =25 °C) 
[ SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
ir hFEY DC Current Gain 40 170 - VcE=1.0 V, lc =5.0 mA 
hFE2 DC Current Gain 60 180 300 _ VceE=1.0 V,1c=100 mA 
hFeE3 OC Current Gain 30 130 = VceE=1.0 V, Ic =1000 mA 
fr Gain Bandwidth Product 30 140 MHz VcE=5.0V,!lc=10MA 
Cob Output Capacitance 17 pF Vcp=10 V, le=0, f=1.0 MHz 
ICBO Collector Cutoff Current 100 nA Vcp=35 V, le=0 
ICEO Collector Cutoff Current 1.0 yA Vce=25 V, Ip=0 
lEBO Emitter Cutoff Current 100 nA VeER=6.0 V, Ic=0 
VBE Base to Emitter Voltage 0.96 1.0 Vv VceE=1.0 V, l¢=800 mA 
VCE (sat) Collector Saturation Voitage 0.15 0.5 Vv Ic =800 mA, Igp=80 mA 
VBE (sat) Base Saturation Voltage 0.95 1.2 Vv ic=800 mA, |lp=80 mA 
BVcBO Collector to Base Breakdown Voltage 35 Vv I¢=0.1 mA, |E=0 
BVcEO Collector to Emitter Breakdown Voltage 25 Vv Ic=2.0 mA, Ig =0 
In BVEBO Emitter to Base Breakdown Voltage 6.0 Vv iE =0.1 mA, Ic =0 
Classification of hee 
Rank A | B c D 
| Range — 85 — 160 t — 160 — 300 





hreg2 Test Conditions : Voce =1.0 V, I¢=100 mA 


JE9113 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION. vs. 
AMBIENT TEMPERATURE SAFE OPERATING AREA 


























I¢ — Collector Current—A 





Py —Total Power Dissipation -W 
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Ta—Ambient Temperature —C Voce — Collector to Emitter Voltage —V 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 

2.0 5.0 
3.0 
a 1.0 
4 
2 
5 < 
3 L 0.3 
5 : 
@ 5S ol 
3 o) z 
oO = 
| £ 
aS) 3 
= 0.03 
ri 
© 0901 
0 0.4 08 12 16 2.0 
Voge —Collector to Emitter Voltage -V 0.003 
0.001 
0 0.2 0.4 06 08 1.0 
Vee —Base to Emitter Voltage —V 
BASE SATURATION VOLTAGE DC CURRENT GAIN vs. 
vs. COLLECTOR CURRENT COLLECTOR CURRENT 
1000 oe=10V 
me ties t } f 
bs & 300 Toy TT yt mati =i 
0 oO ‘ , 
& “ A 
= 3 100 
5 8 30 
S oO +t 
3 (=) i! 
6 | 10 
2 ie 
gy 
g = 30 
o + 
3 1.0 i Li 
Bb 0.001 0.003 0.01 0.03 01 O03 10 3050 
Ey \¢ —Collector Current—A 





























0.001 0.003 0.01 0.03 01 #03 410 3.050 
Iq ~ Collector Current—A 


an 





\¢ —Collector Current —mA 


VCE (sat) ~ Collector Saturation Voltage -V 


fy; —Gain Bandwidth Product — MHz 


NEC ttectron pevice 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


5.0 

















Po 85.0 a | 
0 4.0 8.0 12 20 


Voge —Collector to Emitter Voltage —V 


COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR 
CURRENT 


















































































































































0.001 0.003 0.01 0.03 01 03 10 = 3: 
\¢ — Collector Current —A 


GAIN BANDWIDTH PRODUCT 
vs. COLLECTOR CURRENT 






























































1.0 3.0 10 30 100 


I¢ —Coliector Current -mA 


Cob Output Capacitance — pF 


NEC ttrctron vevice 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 



























































1.0 3.0 10 30 100 
Vog~Collector to Base Voltage —V 
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ELECTRON DEVICE 


PNP SILICON TRANSISTOR 


2SA6399 










DESCRIPTION The 2SA639G) is designed for use high voltage switching 


application. 


FEATURES ®@ High breakdown voltage BVceR : —180V 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ............ —55 to +125 °C 
Junction Temperature .........05. 125 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 


Total Power Dissipation ............... 250 mW 
Maximum Voltages and Current (Ta=25 °C) 

Vcso Collector to Base Voltage. ...... -180 V 

VcER Collector to Emitter Voltage... .. -180 V 

Veso Emitter to Base Voltage........ -5.0 V 

Ic Collector Current ............ —50 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC 


heey DC Current Gain 

hFE2 DC Current Gain 

fr Gain Bandwidth Product 

Cob Output Capacitance 

BVCER Collector to Emitter Breakdown Voltage 
IcBO Collector Cutoff Current 

lEBO Emitter Cutoff Current 

VCE (sat) Collector Saturation Voltage 

VBE(sat) Base Saturation Voltage 


Classification of hre2 





Test Conditions : VcE=—6.0 V, Ic=—-15 MA 








PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


“- 
>< S 
$= 
oe 
3 


12.7 MIN. 
(0.5 MIN.) 


(0.165 MAX.) 


1. EMITTER EIAJ 


2. COLLECTOR JEDEC: 
3. BASE IEC 


TEST CONDITIONS 


VcE=-3.0 V, I¢=—-1.0 mA 
Vcg=-6.0 V, Ic =-15 MA 
Vce=-10 V, Ig =10 mA 
Vep=—10 V, le =0, f= 1.0 MHz 
Ic=—100 vA, RgeE=30 k2 
Vog =~100 V, le =0 
Vep=-3.0 V, Ic=0 

Ic =—-10 mA, Ig=—-1.0 MA 
Ic¢=-10 mA, IBp=—-1.0 mA 





2SA639©9 NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 










































































































































































COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
| ne. ee 
< —~16 = -16 
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8 ceaaauatindl 
s a! 
£ 0 = =k —6 0 -§0 -100 -150 -200 —250 
VCE — Collector to Emitter Voltage —V Vc — Collector to Emitter Voltage —V 
VBE — Base to Emitter Voltage — V 
DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION VOLTAGE vs. 
COLLECTOR CURRENT > COLLECTOR CURRENT 
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ee a ee | 
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href eg ooo a —— oe on Att 
3 8 -005 See 
0 Se es Se 
—0.02 -0.05-0.1-0.2 -0.5 -1 -2 -5 -10-20 ~-50 -0.02 -0.05 -O01 -02 -05 -1 -2 -5 -10 ~-20 —50 
Ic — Collector Current mA I¢ — Collector Current — mA 
COLLECTOR TO EMITTER VOLTAGE vs. GAIN BANDWIOTH PRODUCT vs. 
BASE TO EMITTER RESISTANCE EMITTER CURRENT 
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ft —Gain Bandwidth Product — MHz 
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NEC 


ELECTRON DEVICE 


PNP SILICON TRANSISTOR 


2SA640 


DESCRIPTION The 2SA640 is designed for use in AF low noise amplifier of 


STEREOSET, RADIO and TAPE RECORDER. 


FEATURES @ High hee 


hee (Ie =—-0.5 mA, VcE =—3.0 V) 


@ Low Noise Voltage 


NV (Gy =80 dB, RIAA AMP.) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature ......... 
Junction Temperature ........... 
Maximum Power Dissipation (Ta= 25 °C) 
Total Power Dissipation ...... 
Maximum Voltages and Currents (Ta= 25 °C) 
Vcgo Collector to Base Voltage 
Vceo Collector to Emitter Voltage 
Veso Emitter to Base Voltage 


Ic Collector Current 


lp Base Current ......... 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC 


DC Current Gain 

DC Current Gain 

Noise Figure 

Noise Figure 

Noise Voltage 

Collector Cutoff Current 
Collector Cutoff Current 
Emitter Cutoff Current 
Base to Emitter Voltage 
Collector Saturation Voltage 
Base Saturation Voltage 
Gain Bandwidth Product 
Output Capacitance 


Classification of hre2 


| Rank | 
225 — 450 | 350— 700 | 500 — 1000 


hfe Test Conditions : Vcg =—3.0 V, Ic =—-0.5 mA 




















PACKAGE DIMENSIONS 


in millimeters (inches) 










5.2 MAX. 
450 TYP. (0.204 MAX.) 

25 mV TYP. 2 
4<a 
s= 
wn 
("8 

0.45 Me 
—55 to +125 °C 254 = i ~ 
+125 “C Maximum a 8 
(0.05 > 
cea x Z 
vdiedeseat 250 mW : } es 
Sf Ataa Mish, oie als -50 V 1. EMITTER EIAJ. :Sc-43 
~50 V 2. COLLECTOR JEDEC : TO-92 
tee eee as 3. BASE 1EC  —-:: PA33 
web bow di ee -5.0 V 
Se Adee eG —50mA 
Bice Tee pia dd taba -10 mA 


TEST CONDITIONS 


Vce=—3.0 V, Ic=—0.1 mA 
VcEe=—3.0 V, [c=—-0.5 MA 
Vce=-6.0 V, Ic=—-0.3 mA, RgG=10 kQ, f=10 Hz 
VceE=—6.0 V, Ic=—-0.3 mA, Rg=10 k2, f=100 Hz 
See test circuit 
Vcp=—50 V, Ie=0. 
Vce=—40 V, Ip=0 
VeB=—5.0 V, Ic=0 
VceE=—3.0 V, Ic=-0.5 MA 
Ic=—-30 mA, Ip=—-3.0 MA 
Ic=-30 mA, 1g=-3.0 mA 

MHz2 VcE=-6.0 V, IE=1.0 MA 

PF Vcog=—10 V, le=0, f=1.0 MHz 


2SA640 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


Py7—Totat Power Dissipation— mW 


hee —DC Current Gain 


t7— Gain Bandwidth Product— MHz 





TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


Free Air 
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DC CURRENT GAIN 
vs. COLLECTOR CURRENT 
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GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 
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Cob Output Capacitance— pF 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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Vege —Collector to Emitter Voltage—V 
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COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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Vpe— Base to Emitter Voltage—V 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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Vop— Collector to Base Voltage— V 


=~O5 “I we 


VBE(sat)~ Base Saturation Voltage—V 


l¢— Collector Current— mA 


NE: 


ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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I¢~ Collector Current~mA 


NORMALIZED h-PARAMETERS 
vs. COLLECTOR CURRENT 










f}———-T-—] NORMAL h— PARAMETERS. 
bt] vcp = -3.0 V, IC=—1.0 mA, f=1.0 kHz 





Tthie=12 kQ, hre=i5x 10-4 
SN. hfe=450, hoe =50 uS 
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NEC ttectron oevice 2SA640 
































































NORMALIZED h-PARAMETERS vs. E, AND Ip vs. COLLECTOR CURRENT NOISE FIGURE MAP 1 

COLLECTOR TO EMITTER VOLTAGE 

10! aa NORMAL h— PARAMETERS 1000 : , 

Voe=—-3.0 V. IC=—1.0 mA, f= 1.0 kHz NF = 1010: 
Bo fb fnienns 00, nreniexions B10 1a 
2 hfe =450, hoe =50 uS 5 lz K = 1.38054 x 107 23 yeK- . ; io 
S & 100 F > T :273.15+Ta K ; iB 
> 2 > 4 2 
c are E 
at [ 2 % 
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Voe7 Collector to Emitter Voltage—V \¢—Collector Current— mA I¢— Collector Current— mA 
NOISE FIGURE MAP 2 NOISE FIGURE MAP 3 NOISE FIGURE vs. FREQUENCY 


























































































SH VCE=-60 V 
for) oN SS Ht 
| : “a 
8 ~ O 99 « {at=1.0 He Ne wo 
5 ‘ aX bork et \io8 NS Sok Mi ° 
isd B & 
® 8 ic 
2 a 8 
2 ry Q 
a 2 3s 
l 3 " | 
oOo ” 5 vay 
« | Siew Z 
200 & 200 Sa aii 
6 ae cf 088s tes iii 
-0.01-0.02 -00-0.1-0.2-0.5-1—-2 —5~10 001-002 -006-01 -02 -05 -1 -2 -5 -10 isi ERE eT aT 
lc— Collector Current mA I¢— Collector Current— mA e= Frequency 
NOISE FIGURE vs. COLLECTOR CURRENT VOLTAGE GAIN vs. FREQUENCY NOISE VOLTAGE TEST CIRCUIT 
12 a= 
Seton mettum Sey 








R 0 ite 
oot HH Ne 
Hg Tin 
CA TT STH 
Bea 


nT a 
Sei eee maa 
YT TTT eri 
Hi A 




















NF —Noise Figure—dB 
a 
Gy—Voltage Gain— dB 























Gv=80dB 
(at f= 1.0kHz. 


0 
~0.01 -0.0% -006-0.1-02 -05-1 -2 -5 -10 
\¢—Collector Current— mA 


10 20 50100 M0 M1k2k Sk WkMk WkiMk 
f—Frequency—Hz 


NEC PNP SILICON TRANSISTOR 
ELECTRON DEVICE 2SA641 


DESCRIPTION The 2SA641 is designed for use in AF amplifier and high-gain 
PACKAGE DIMENSIONS 





















amplifier. 
in millimeters (inches) 
5.2 MAX. 
(0.204 MAX.) 
FEATURES ® High hee 
hee (lc =—-0.5 mA, Veg =—-3.0 V) : 450 TYP. —_— 
aa 
2s 
lo Ke) 
oN 
Ss 
ABSOLUTE MAXIMUM RATINGS 0.45 
Maximum Temperatures ove sz 
Storage Temperature ............. —55 to +125 °C > = as 
: =F 4 
Junction Temperature ........... +125 °C Maximum ~8 
Maximum Power Dissipation (Ta=25 °C) ans me 
Total Power Dissipation ............000- 250 mW gs 
Maximum Voltages and Currents (Ta=25 °C) Ss 8 
S 
VcsBo Collector to Base Voltage ......... —50 V 
1. EMITTE EIAJ : 
Vceo Collector to Emitter Voltage ........ ~50 V 2 COLLECTOR? JEDEG@ 1 70.0 
Vespo Emitter to Base Voltage ........... -5.0 V Satins SBS: <Senge 
le Collector Current ..............-. —50 mA 
Ip Base Current ...........2-0 0006s -~10 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC ‘ : TEST CONDITIONS 


heed DC Current Gain 190 430 VcE=—3.0 V, Ic=-0.1 mA 
hee? DC Current Gain 450 1000 Vce=—3.0 V, Ic=-0.5 mA 
NF Noise Figure 20 Vce=—6.0 V, Ic=—0.3 mA, RG=10 kQ, f=100 Hz 
IcBo Collector Cutoff Current —50 Vcp=—50 V, Ie=0 

IcEO Collector Cutoff Current ~—1.0 Vcge=—40 V, ig=0 

lEBO Emitter Cutoff Current —50 Vep=—5.0 V, Ic=0 

VBE Base to Emitter Voltage Vce=—3.0 V, Io=-0.5 mA 
VCE (sat) Collector Saturation Voltage . -0.5 [c=-30 mA, |p=—3.0 mA 
VBE(sat) Base Saturation Voltage Ic=-30 mA, Ig=-3.0 mA 

ft Gain Bandwidth Product Vce=—6.0 V, le=1.0 mA 

Cob Collector to Base Capacitance : Vcp=—10 V, le=0, f=1.0 MHz 





Classification of hre2 


Rank F E U 
Range 225 — 450 350 ~— 700 500 — 1000 


hee Test Conditions : Voge =—3.0 V, Ic =—0.5 mA 








VBE(sat}— Base Saturation Voltage—V 


2SA641 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 
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Ta—Ambient Temperature—°C Vop—Collector to Emitter Voltage—V 


OC CURRENT GAIN, BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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NORMALIZED h-PARAMETERS 
vs. COLLECTOR CURRENT 


COLLECTOR TO BASE CAPACITANCE 


vs. COLLECTOR TO BASE VOLTAGE 
ice 102 
a NORMAL h~ PARAMETERS 
VCE= +3.0 V, Ic=—1.0 mA, f=1.0 kHz 
hie=11 kKQ, hre =15X% 1074 
hte =450 hoe =50 wS 
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Cop Collector to Base Capacitance— 


-05 -1 —-2 -5 
i¢— Collector Current— mA 
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Vcog Collector to Base Voltage—V 


l¢— Collector Current— mA 
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ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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VcE—Collector to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 


fy —Gain Bandwidth Product— MHz 
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NORMALIZED h-PARAMETERS vs. 
COLLECTOR TO EMITTER VOLTAGE 
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VcE = —3.0 V, Ic= —1.0 mA, f=1.0 kHz 
n hie=11 kQ, hre=15x10—4 
5 5 hfe =450, hoe =50 u 
2 aes Te] 
6 j . 
B 2th |_jhfe hie 
& hre Dre 
3 10° Hoe 
8 hfe. hie 
gs 
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° a 
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VceE—Collector to Emitter Voltage—V 


NEC | PNP SILICON TRANSISTOR 


ELECTRON DEVICE | 2 S A 7 | 3 3 


DESCRIPTION The 2SA733 is designed for use in driver stage of AF amplifier. 
PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES @ Hi i j . 5.2 MAX. 
High hee and Excellent Linearity : 200 TYP. ozo WA) 


hee (VcE =-6.0 V, Ic =—1.0 mA) 











xz 
ABSOLUTE MAXIMUM RATINGS ae 
Maximum Temperatures 2 
Storage Temperature .............. —55 to +125 °C ee z> 
Junction Temperature ........... +125 °C Maximum =e 
Maximum Power Dissipation (Ta= 25 °C) es Soc: 
Total Power Dissipation ..............4. 250 mW ae 
Maximum Voltages and Currents (Ta= 25 °C) (0.05) eae 2 
Vego Collector to Base Voltage .......... ~60 V pe 2 
Vceo Collector to Emitter Voltage ........ -50 V “Ss 
Veso Emitter to Base Voltage ........... -6.0 V 1. EMITTER EIA) :SC-43 
Ic Collector Current .....-..-0.+000: -100mA i caer eco : Paaae 
Ig Base Current .........00eeeeaee ~-20 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC : ; TEST CONDITIONS 
DC Current Gain VceE=—6.0 V, Ie=-1.0 mA 
Noise Figure : Vce=—6.0 V, Ic=—-0.3 mA, Rg=10 kQ, f=100 Hz 
Gain Bandwidth Product VceE=-6.0 V, Ile =10 mA 
Output Capacitance . d Vop=—10 V, ig =0, f=1.0 MHz 
ICBO Collector Cutoff Current ‘ Vcp=—60 V, Ie =0 
lEBO Emitter Cutoff Current : Vepg=—5.0 V, Ic=0 
VBE Base to Emitter Voltage Vce=-6.0 V, lo=-1.0 mA 
VCE (sat) Collector Saturation Voltage ; Ic=—100 mA, !gp=—10 mA 





Classification of hre 


so 188 Z00 — 400_| 300 600 


hee Test Conditions : Vcg =—6.0 V, Iic=—-1.0 MA 











hee —DC Current Gain 


VBE (sat) ~ Base Saturation Voitage—V 





2SA733 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 
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P7— Total Power Dissipation— mW 
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COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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VCE (sat) —Collector Saturation Voltage—V 
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f¢—Gain Bandwidth Product— MHz 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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DC CURRENT GAIN 
vs. COLLECTOR CURRENT 
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GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 
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NEC ettrctron vevice 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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Vce— Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


Voce = —6.0 V 
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\¢—Collector Current— mA 
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Vpe— Base to Emitter Voltage—V 
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OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 





Cop— Output Capacitance — pF 
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Vcp— Collector to Base Voltage—V 
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NEC .ctectron vevice 


NORMALIZED h-PARAMETERS 
vs. EMITTER CURRENT 





NORMAL h - PARAMETERS 


hfe =205. Noe = 28 uS 
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NOISE FIGURE MAP 2 
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VoE=—6.0 V. IE=1.0 mA, f= 1.0 kH2 
hie =5.5 kQ, hre=7.5 10-4 










He—Normalized h~Parameters 
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Rg~ Source Resistance— Q 











-0.01-0.02 -006-01 -02 -05 -10 -20 
\¢— Collector Current— mA 








2SA733 


NORMALIZED h-PARAMETERS vs, NOISE FIGURE MAP 1 
COLLECTOR TO EMITTER VOLTAGE 


NORMAL h-PARAMETERS 

VCE = —6.0 V, IE=1.0 mA, f=1.0 kHz 
hie =5.5 kQ, bre =7.5X 10-4 
hte = 205, hoe =28 uS 






Rg—Source Resistance— Q 
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Vce—Collector to Emitter Voltage—V 


NOISE FIGURE MAP 3 NOISE FIGURE MAP 4 


kt Sy — oy Seon = : 
SNS 

ERC RESAN, KOC: 

Con SS 


x] 
OQ 
S 
AY 








% 









Ss ‘a. Se 
TT NCTE 
NUT TN TIK ANAT 


JINN 


RE 





Li 






ITN 
\ TN y 
RS DRER TIAN NSC 


NAS | 








ha 
Sie 





Rq— Source Resistance — Q 

















Re “Ny 

NH . 

1 Mu N 

001-002 ~0.05-0.1 -0.2 -05 -10 -20 -50 -10 001-002 -006 -01-02 -05 -10-20 ~50 -10 
I¢—Collector Current—mA I¢— Collector Current— mA 








1N2 


NEC 


ELECTRON DEVICE 


DESCRIPTION 


FEATURES © High hee 
hee (Ie =-0.5 mA, Vce =-3 V) 


@ Low Noise Voltage NV 


ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C) 
Maximum Temperatures 
Storage Temperature 


25 


Junction Temperature 
Maximum Power Dissipation (Ta 

Total Power Dissipation 
Maximum Voltages and Currents 

Vcspo Collector to Base Voltage 


Vceo Collector to Emitter Voltage 


Vespo Emitter to Base Voltage 


lc Collector Current 


lg Base Current 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


CHARACTERISTIC 
DC Current Gain 
DC Current Gain 
Noise Figure 
Noise Figure 


SYMBOL 


AFE1 
DFE2 
NF 4 
NF9 

NV 
ICBO 
ICEO 
‘EBO 
VBE 

VCE (sat) 
VBE (sat) 
fT 

Cop 


Noise Voltage 

Collector Cutoff Current 
Collector Cutoff Current 
Emitter Cutoff Current 

Base to Emitter Voltage 
Collector Saturation Voltage 
Base Saturation Voltage 

Gain Bandwidth Product 
Collector to Base Capacitance 


E U 
350 — 700 500 — 1000 


hee Test Conditions : VcgE =-3.0 V, Ic =-0.5 MA 


-0.59 

-0.3 

-0.82 
100 
6.5 


-0.55 


Classification of hee 


F 
225 — 450 


Rank 





Range 





°c) 


4 
‘ 


3.0 
25 
50 
-1.0 
50 
-0.6 
-0. 
1. 
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PNP SILICON TRANSISTOR 


2SA750 


The 2SA750 is designed for use in AF low noise amplifier of 
high-class STEREOSET, RADIO and TAPERECORDER. 


PACKAGE DIMENSIONS 


in millimeters (inches) 











5.2 MAX. 
: 450 TYP. (0.204 MAX.) 
| 
: 22 mV TYP. se 
<s 
= 
ive} 
as 
S 
0.5 e 
(0.02) [Zz 
rae 
-55 to +125 °C mee oe 2 
. 0.10 ~ 
+125 °C Maximum sp 8 
(0.05) Ze 
x 
<= 
250 mW == 
NO 
S aay 
A 
mre ae -50 V 1. EMITTER EIAJS :SC43 
-50 V 2. COLLECTOR JEDEC : TO-92 
as 3, BASE IEC: PAS3 
hss Seysics -5.0 V 
-50 mA 
-10 mA 


TEST CONDITIONS 


Io=-0.1 MA 
\c=-0.5 mA 


Vce=-3.0 V, 
VceE=-3.0 V, 
VceE=-6.0 V, Io=-0.3 MA, RG=10 k2, f=10 Hz 
Vce=-6.0 V, Ic=-0.3 mA, Rg=10 kQ, f=100 Hz 
See test circuit 

Vcp=-50 V, 1e=0 

VceE=-40 V, ip=0 

Veps-5.0 V, Ic=0 

VoE=-3.0 V, Ic=-0.5 MA 

Ic=-30 mA, Ip=-3.0 MA 

I¢=-30 mA, Ig=-3.0 mA 

Vce=-6.0 V, le=1.0 mA 

Vcp=-10 V, ig=0, f=1.0 MHz 
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2SA750 NEC ttectron oevice 


TYPICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

































































































































TOTAL POWER DISSIPATION COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
vs. AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
300 ~1.0 
{ < 
€ 
§ 200 vi EB E 
Cc ~ 
i aes : s* 
a4 ] = 
& 180 s) 6 
3 5 5 
3 3 2-04 
° 
* 100 3 g 
g 8 ; 
a -~ yy — 0.2 —+-— 5 eae a Feeieree es 
| 50 = i Ip=—0.2 “A 
Ga Pe TN tN ee iccla  eee ey | | . = pa 
i : | le | ' i 
0 25 50 75 100 125 150 0 -10 —20 -30 -40 —50 
Ta—Ambient Temperature ~°C Vce Collector to Emitter Voltage -—V Vcr —Collector to Emitter Voltage —- V 
DC CURRENT GAIN COLLECTOR CURRENT vs. COLLECTOR AND BASE SATURATION 
vs. COLLECTOR CURRENT BASE TO EMITTER VOLTAGE VOLTAGE vs. COLLECTOR CURRENT 
—10 ee Sa a ae a -12 
Vce=—3.0 v EE ae 
on eo re 
7 anne & -1.0 
ie gs 
& -2 5 -08 
o st 
= < 23 
2 gE -1 £S -06 
3 i 2. 
5 os 
i ° ao 
£ s betes 
3 —0.2 0.2 
3 
7 -01 0 
: ae i ae: ts : -0.1.-0.2 -05 -1 -2 ~-5 -10 -20 -50 -100 








10 (| eae aa eee: : 
~0.01-0.02 -0.05-0.1~0.2 -05 -} -2 -5 -10-20 -50-100 

















Ice — Collector Current —mA 
l¢— Collector Current —mA 
0 —0.2 — 0.4 —0.6 ~ 0.8 -1.0 
Vee- Base to Emitter Voltage -—V 
GAIN BANOWIDTH PRODUCT COLLECTOR TO BASE CAPACITANCE NORMALIZED h-PARAMETERS 
vs. EMITTER CURRENT vs. COLLECTOR TO BASE VOLTAGE vs. COLLECTOR CURRENT 







=== NORMAL h-PARAMETERS 
Vce=-3.0 V, le=-1.0 mA, f=1.0 kHz 

LN hie=11 kQ, hre=15x 10°¢ 
5 PRO Tite = 450, hoe = 50° nS 
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s 
3 











C.,—Coliector to Base Capacitance — pF 
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aar 


N. E Cc ELECTRON DEVICE 


NORMALIZED h-PARAMETERS vs. 
COLLECTOR TO EMITTER VOLTAGE 
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NOISE FIGURE MAP 2 
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NOISE FIGURE MAP 3 
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VOLTAGE GAIN vs. FREQUENCY 
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NOISE FIGURE MAP 1 
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NOISE FIGURE vs. FREQUENCY 
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NOISE VOLTAGE TEST CIRCUIT 





Gv=80dB 
(at £=1.0kHz) 


NEC 


ELECTRON DEVICE 


DESCRIPTION The 2SA915 is designed for use in driver stages of audio 
frequency amplifiers. 
FEATURES @ High Total Power Dissipation and High Breakdown Voltage: 
1.0W at 25°C Ambient Temperature/VcEo = —120V 
®@ Complementary to the NEC 2SC1940 NPN Transistor. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ............. —55 to +150°C 
Junction Temperature .......... +150 Maximum 
Maximum Power Dissipation (Ta=25°C) 
Total Power Dissipation ...............2..0. 1.0W 
Thermal Resistance(Junction to Ambient). . . .125°C/W 
Maximum Voltages and Currents (Ta=25°) 


Vepo Collector to Base Voltage .......... —120V 
Vceo Collector to Emitter Voltage ........ —120V 
Vepo Emitter to Base Voltage ........... —5.0V 
Ic Collector Current ............. —50mA 
Ip Base Current ..........-....6- —10mA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 
SYMBOL CHARACTERISTIC 
DC Current Gain 
DC Current Gain 
Gain Bandwidth Product 
Output Capacitance 
IcBO Collector Cutoff Current 
lEBO Emitter Cutoff Current 
VBE Base to Emitter Voltage 
VCE (sat) Collector Saturation Voltage 


VBE (sat) Base Saturation Voltage 


Classification of ae 


A n- 135 — 270 A 


hfe Test Conditions: VceE=—-10V, lc =—-10mA 








PNP SILICON TRANSISTOR 


2SA915 


PACKAGE DIMENSIONS 


in millimeters (inches) 


7.0MAX. 12 
(0.275MAX. } (0.047) 












(0. 118MAX.) 
9 .OMAX. 
(0.354MAX.) 


0.8+0.1 
(0.031) Srir 






3.0MAX. 





0.640.1 
(0.024) 







0.6+0.1 
(0.024) 


12.0MIN. 
(0.473MIN.) 








0.55+0.1 


17 (0.022) 


(0.067) 








4.0MAX. 
(0. 1S7MAX ) 


1, Emitter 
2. Collector 
3. Base 


TEST CONDITIONS 
VceE=—-10V, Ic =—-10mMA 
VceE=—10V, Ic =-1.0mMA 
VceE=—10V, Ig =10mMA 
Vop=—10V, te =0, f=1.0MHz 
Vcp=-120V, Ie =0 
Vep=—5.0V, Ic =0 
VcE=—10V, Ic =-10mMA 
Ic¢=—20mA, Ig=-2.0mA 
Ic =—20mA, Igp=—2.0MA 


2SA915 NEC cictron vevice 


TYPICAL CHARACTERISTICS (Ta=25°C unless otherwise noted) 


SAFE OPERATING AREAS 






































































































































































TOTAL POWER DISSIPATION vs. T ENT THERMAL RESISTANCE COLLECTOR CURRENT vs. 
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\¢ —Collector Current—mA I¢—Collector Current—mA le —Emitter Current—mA 


Cipb —Input Capacitance —pF 


NEC ttectron vevice 


INPUT AND OUTPUT CAUSE EMC 
vs. REVERSE VOLTAG 


Cob —Output Capacitance —pF 
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Vcp —Collector to Base Voltage —V 
Veg —Emitter to Base Voltage —V 





2SA915 





NEC 


ELECTRON DEVICE 


DESCRIPTION 


FEATURES 


PNP SILICON TRANSISTOR 


The 2SA916 is designed for use in driver stages of audio 


frequency amplifiers. 


®@ High Total Power Dissipation and High Breakdown Voltage: 


1.0W at 25°C Ambient Temperature/Vceg =—160V 
@ Complementary to the NEC 2SC1941 NPN Transistor. 


ABSOLUTE MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


SYMBOL 
nFE1 
hFE2 

fT 

Cob 
ICBO 
1EBO 
VBE 
VCE(sat) 
VBE (sat) 


Maximum Temperatures 
Storage Temperature 
Junction Temperature 


ss htt om ds —55 to +150°C 
Sj hudchea. dy eh +150°C Maximum 


Maximum Power Dissipation (Ta=25C) 


Total Power Dissipation ................04. 1.0W 
Thermal Resistance(Junction to Ambient). . . .125°C/W 
Maximum Voltages and Currents (Ta=25°C) 


Vcpo Collector to Base Voltage .......... -160 V 
Vceo Collector to Emitter Voltage ........ —160 V 
Vego Emitter to Base Voltage ........... —5.0V 
Ic Collector Current ............. —50 mA 

—10 mA 


Ip Base Current 


CHARACTERISTIC 

DC Current Gain 

OC Current Gain 

Gain Bandwidth Product 
Output Capacitance 
Collector Cutoff Current 
Emitter Cutoff Current 
Base to Emitter Voltage 
Collector Saturation Voltage 


Base Saturation Voltage 


Classification of heey 






hFE1 Test Conditions: 








VcE=—10V, lc =-10mA 


ee) 
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2SA916 


PACKAGE DIMENSIONS 


in millimeters (inches) 


7.0MAX 1.2 
(0. 275MAX.) (0.047) 










9 .OMAX. 
(0.354MAX.) 






12.0MIN. 
(0.473MIN. ) 








0,5540.1 
(0.022) 


4.0MAX 
(0. 157MAX. ) 


1, Emitter 
2. Collector 
3. Base 


TEST CONDITIONS 
VcE=-10V, ig =-10mA 
VcE=-10V, I¢ =-1.0mA 
Voce =-10V, Ie =10mMA 
Vop=-10V, Ie =0, f= 1.0MHz 
Vcep=—160V, Ie =0 
Vep=—5.0V, Io =0 
VcE=-10V, I¢=-10mMA 
Ic =—20mA, 1p =—2.0mA 
Ic =-—20mA, |p =-2.0mMA 


2SA916 


TYPICAL CHARACTERISTICS (Ta=25°C unless otherwise noted) 
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TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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Ta—Ambient Temperature —T 


COLLECTOR CURRENT vs. 


COLLECTOR TO EMITTER VOLTAGE 
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10-20 —50 
I¢ —Collector Current—mA 


I¢ ~ Collector Current mA 


VBE(sat) ~~ Base Saturation Voltage —V 


SAFE OPERATING AREAS 


(TRANSIENT THERMAL RESISTANCE 


METHOD) 
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I¢ —Collector Current —mA 
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VcE —Collector to Emitter Voltage —V 


—20 ~ 50 — 200 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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VBE — Base to Emitter Voltage —V 


BASE SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 
































ig = 10-1 
Pulsed 
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I¢—Collector Current —mA 


hee —DC Current Gain 


ft -Gain Bandwidth Product —MHz 
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ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


























VceE —Collector to Emitter Voltage —V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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I¢ —Collector Current—mA 


GAIN BANOWIDTH PRODUCT vs. 
EMITTER CURRENT 
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Cip —Input Capacitance —pF 


NEC eurctron vevice 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 





Cop —Output Capacitance — pF 
































Vcgp —Collector to Base Voltage —V 
Veg —Emitter to Base Voltage —-V 


2SA916 


NEC PNP SILICON TRANSISTOR 
ELECTRON DEVICE ISA 952 


DESCRIPTION The 2SA952 is designed for use in output stage of portable radio 


and cassette type tape recorder, general purpose applications. PACKAGE DIMENSIONS 
in millimeters (inches) 
52 MAX. 
FEATURES ®@ High total power dissipation. (0.204 MAX.) 
Py = 600 mw 











@ High hee and low VceE(sat)- aE ee 
hee (lc = —100 mA) : 200 TYP. 23 
Voe(sat) (-700 mA) : —0.25V TYP. 28 

Ss 
ABSOLUTE MAXIMUM RATINGS coe 

Maximum Temperatures - |=5 
Storage Temperature ................ —55 to +150 °C oF 8 
Junction Temperature ............. +150 °C Maximum hen 

Maximum Power Dissipation (Ta=25 °C) ce) as 

. Total Power Dissipation ......... cette ... 600 mW fi i) 22 

Maximum Voltages and Currents (Ta =25 °C) Se, 6 8 
Vcpo Collector to Base Voltage .......... —-30 V “3 
Vceo Collector to Emitter Voltage........ —25 V 

1. EMITTER EIAJ :SC-43 
Veso Emitter to Base Voltage ........... -§5.0 V 2.COLLECTOR JEDEC: TO-92 
Ic Collector Current................ —700 mA ices dori IEgY senna 
Ip Base Current ...........-..2005, —150 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC ; : TEST CONDITIONS 
DC Current Gain Vce =-1.0 V, i¢=—-100 mA 
DC Current Gain VcE=-1.0 V, Ic =—700 mA 


Vcp =—6.0 V, IE =0 
f=1.0 MHz 


Gain Bandwidth Product Voce =—-6.0 V, le =10 mA 
VBE* Base to Emitter Voltage VceE =—-6.0 V, Ic =-10 mA 


Collector to Base Capacitance 


VCE (sat) * Collector Saturation Voltage Ic =-700 mA, Ig =—70 mA 


VBE (sat) * Base Saturation Voltage I¢=—700 mA, Ig =—70 mA 
ICBO Collector Cutoff Current Vcop=-30 V, lp =0 
lEBO Emitter Cutoff Current Vep=—5.0 V, Ic =0 





* Pulsed PW S 350 us, duty cycle S2.0 % 


Classification of heey 


Rank M L K 
Range 90 — 180 135 — 270 200 — 400 


hee Test Conditions : Vcg =—1.0 V, Ic=—100 mA 





VBE(sat)~ Base Saturation Voltage—V 


2SA952 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


In free air 

















Py7—Total Power Dissipation —W 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





lc —Collector Current—mA 








0 —0.4 08 
Vege —Collector to Emitter Voltage —V 





BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 














VCE(sat)— Collector Saturation Voltage—V 


1.0 10 





100 
I¢—Collector Current— mA 


Voge —Collector to Emitter Voltage —V 


SAFE OPERATING AREAS 
(TRANSIENT THERMAL RESISTANCE) 
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Vege Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 





I¢—Collector Current—mA 
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COLLECTOR TO EMITTER VOLTAGE 
vs. BASE CURRENT 


Pulsed 
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Ig—Base Current—mA 


























NEC ecectron oevice 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


— 100 























lg —Collector Current—mA 























Vce —Collector to Emitter Voltage—V 


OC CURRENT GAIN vs. 
COLLECTOR CURRENT 





hee —DC Current Gain 





I¢—Collector Current—mA 


GAIN BANDWIOTH PRODUCT 
vs. EMITTER CURRENT 















































fy —Gain Bandwidth Product —MHz 
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Ie —Emitter Current—mA 


NEC tuectaon vevice 


EMITTER TO BASE AND COLLECTOR TO BASE 


CAPACITANCE vs. REVERSE VOLTAGE 


Cipb —Emitter to Base Capacitance — pF 


Cop—Collector to Base Capacitance — pF 

































































Vcp—Collector to Base Voltage —-V 


2SA952 





NEC PNP SILICON TRANSISTOR 


ELECTRON DEVICE 2SA953 


DESCRIPTION The 2SAQ953 is designed for use in driver stage of high voltage 


audio equipment. PACKAGE DIMENSIONS 
in millimeters (inches) 
FEATURES @ High total power dissipation. 5.2MAX. | 
P+ = 600 mW (0.204MAX. ) 


@ High hee and high voltage. 
hee (lc = —50 mA): 200 TYP. 
VcEO : 60 V 


(0.216MAX. ) 










ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) ae 
- (0.02) == 
Maximum Temperature > |8a 
Storage Temperature .............006, —55 to +150°C xz [So 
. ° ; 2 54 oes con 
Junction Temperature ............. +150 C Maximum (0.10) RS 


Maximum Power Dissipation (Ta = 25°C) 


Total Power Dissipation ................-. 600 mW us 

Maximum Voltages and Currents =8 
Vcopo Collector to Base Voltage .......... -60 V oh 
VceEo Collector to Emitter Voltage........ -60 V Ss Scnenes Sie we 
Vepo Emitter to Base Voltage ........... -5.0 V 2. COLLECTOR JEDEC: TO-92 
le Collector Current............0005 —300 mA SABASE IEG > 2 ASS 
Ip Base Current ...............00005 —60 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


SYMBOL CHARACTERISTIC . TYP. MAX. UNIT TEST CONDITIONS 
hee1* DC Current Gain : VcE=—1.0V, Ic=—50mA 
hFEe2* DC Current Gain Vce=—-1.0V, Ic=—-300mA 


Vcp=—6.0V, le=0 
f=1.0MHz 


ft Gain Bandwidth Product VceE=—6.0V, lE=10mMA 


* 


Cob Collector to Base Capacitance 


VBE 
VCE(sat)* Collector Saturation Voltage ic=—300m<A, Ip=—-30mMA 


Base to Emitter Voltage VcE=—6.0V, Ic=—10mA 


VBE(sat)* Base Saturation Voltage Ic=—300mA, |p=—-30mMA 


IcBO Collector Cutoff Current Vcs=—60V, leE=0- 
leEBo Emitter Cutoff Current VeBp=—5.0V, ic=0 





* Pulsed PWS 350 ys duty cycle S$ 2.0% 


Classification of hr E 


Rank M L K 
Range 90 — 180 135 — 270 200 — 400 


hre Test Conditions: VcE =-1.0V, Ic =- 50mA 
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2SA953 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


In free air 





- 














P1—Total Power Dissipation-—W 
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Ta—Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 























ce) -10 -20 -30 ~40 ~50 


Vce —Cotlector to Emitter Voltage —V 


AND COLLECTOR SATURATION VOLTAGE 


ILLECTOR CURRENT 


















































































































































-01 =1 ~10 —100 — 1000 


lc—Collector Current —mA 


fr—Gain Bandwidth Product —MHz 


ic -—Collector Current —mA 


TYPICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


SAFE OPERATING AREAS 
(TRANSIENT THERMAL RESISTANCE) COLLECTOR TO EMITTER VOLTAGE 


lc —Collector Current —mA 
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Vce—Collector to Emitter Voitage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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Vee -Base to Emitter Voltage-V 


GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 
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le —Emitter Current ~mA 
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NEC etectron oevice 


COLLECTOR CURRENT vs. 























te -Collector Current —mA 






































Vce —Collector to Emitter Voltage ~V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
































hee~OC Current Gain 






































-0.1 = 10 — 100 ~ 1000 


Ic -Collector Current —mA 


EMITTER TO BASE AND COLLECTOR TO BASE 
CAPACITANCE vs. REVERSE VOLTAGE 









































Ci»—Emitter to Base Capacitance — pF 
Cob—Collector to Base Capacitance — pF 



















































































-0.1 = -10 —100 
Veg~Emitter to Base Voltage -V 
Vce—Collector to Base Voltage—V 





NEC PNP SILICON TRANSISTOR 


ELECTRON DEVICE 2 S A95 4 


DESCRIPTION The 2SA954 is designed for use in driver stage of high voltage 
audio equipment. PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
FEATURES ® High total power dissipation. (0.204 MAX.) 


Pr = 600 mW 

®@ High hee and high voltage. 
hee (lc =-50 mA) : 200 TYP. 
VceEo :-80 V 







5.5 MAX. 
(0.216 MAX.) 


ABSOLUTE MAXIMUM RATINGS 


25 
Maximum Temperatures. 2 = 
Storage Temperature ................ —55 to +150 °C ss 
Junction Temperature ............. +150 °C Maximum. rae 
Maximum Power Dissipation (Ta = 25 °C) 1.27 
Total Power Dissipation ...............00. 600 mW a f, , | \ ie 
Maximum Voltages and Currents (Ta = 25 °C) Wey : ; 
Vcso Collector to Base Voltage .......... -80 V “¢ 
Vceo Collector to Emitter Voltage........ -80 V 
: 1, EMITTER EIAJ :SC-43 
Vepo Emitter to Base. Voltage ........... -5.0 V 2.COLLECTOR JEDEC: TO-92 
Ic Collector Current................ —300 mA oI BAGE LE Sanaa 
Ip Base Current ......... 0... cece eee —60 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 






SYMBOL CHARACTERISTIC : . TEST CONDITIONS 





hrei* DC Current Gain 90 200 400 zs VcE=-1.0 V, c= mA 
hFe2* DC Current Gain 30 80 - VcE=-1.0 V, Il¢=—300 mA 
Cob Collector to Base Capacitance 13 25 pF : <3 sae Yate 70 

fr Gain Bandwidth Product 50 100 MHz Voce =—-6.0 V, le =10 mA 
Vee* Base to Emitter Voltage —600 -660 —700 mV Voce =-6.0 V, Ic =-10 mA 
VCE (sat) * Collector Saturation Voltage —0.15 —0.6 Vv I¢ =-300 mA, Ip =—-—30 mA 
VBE(sat)* Base Saturation Voltage —0.85 —1.2 Vv Ic =—300 mA, Ig =-30 mA 
IcBo Collector Cutoff Current —100 nA Vos =—80 V, 16 =0 

leBo Emitter Cutoff Current —100 nA Veg =—5.0 V, Ic #0 


* Pulsed PW S 350 us, duty cycle S 2.0 % 


Classification of heey 


I 
90 — 180 135 — 270 200 — 400 


hee Test Conditions : Vcg =—-1.0 V, Ic =-50 mA 
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2SA954 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


0.7 


In free air 
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0 25 50 75 100 «125 «6150-175 
Ta—Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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VcE —Collector to Emitter Voltage —V 


iE AND COLLECTOR SATURATION VOLTAGE 


7OLLECTOR CURRENT 
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: —0.1 = —10 — 100 — 1000 
Ic—Collector Current—mA 


SAFE OPERATING AREAS 
(TRANSIENT THERMAL RESISTANCE) 

















tc —Collector Current—mA 






I¢~—Collector Current—mA 
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ff —Gain Bandwidth Product—MHz 























VcE —Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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VBE —Base to Emitter Voitage—V 











GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 



























































le —Emitter Current—mA 
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Ic —Collector Current—mA 


hee —DC Current Gain 


NEC etectron vevice 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 

































VcE—Collector to Emitter Voltage —V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 








































































































—100 ~ 1000 
i¢ —Collector Current—mA 


EMITTER TO BASE AND COLLECTOR TO BASE 
CAPACITANCE vs. REVERSE VOLTAGE 


Cip —Emitter to Base Capacitance —pF 


Cob—Collector to Base Capacitance —pF 













































































Veg Emitter to Base Voltage —V 
Vcp —Collector to Base Voltage—V 


NEC SILICON TRANSISTOR 


ELECTRON DEVICE 2 S A 9 8 3 


RF AMP, FOR UHF TV TUNER 
PNP SILICON TRANSISTOR 


“DISK MOLD” 


The 2SA983 is specifically designed for UHF RF amplifier 


PACKAGE are applications. The 25A983 features high power gain, low noise, and 
nit: mm 


excellent forward AGC characteristics in a tiny four-lead plastic 
package designed to realize easy and economical mounting. 


Packaged in tiny plastic mold package. 

Easy & economical mounting realizable with plastic mold 
package. 

@ Forward AGC characteristic. 

@ Balanced base. 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 





Collector to Base Voltage Vcso —30 Vv 
Collector to Emitter Voltage VcEO —25 Vv 
Emitter to Base Voltage VeBo —4.0 Vv 
Collector Current Ic —20 mA 
a age Total Power Dissipation Py 200 mW 
3. Base Junction Temperature Tj 125 °C 
4. Collector ° 
Storage Temperature Tstg -55 to +125 C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


c MIN. TYP. MAX. TEST CONDITIONS 
Collector Cutoff Current | iccoo | TE ot VcB=-—25V, !e=0 
pOCcurrentGein «| hrc | 40 | —*(| 200 ~*| =i; «Vces-t0V,c=30mA 
[Gain Bandwiath Product | fr | 000 | 1000 | | Whe | vee-10V,ig-SQma 
fOuputCapsctenee | Cop | | 08 | 07 | oF | Veer—10V,le-0,f1Mie 


a 
a 






























wTemianri 
were 


CHARACTER! SYMBOL 




















AGC Current {E for which GopaGc=Gpp—20dB 





1AGC_ Classification M: 7.2~8,5mA, L: 8.0~9.0mA, K: 8.5~9.8mA 
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2SA983 NEC ttectron vevice 


= 95° NT vs. 
TYPICAL CHARACTERISTICS (Ta = 25 C) SOC EO EMITTED VOLTAGE 
























































































































































































































































































































































TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
250 
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COLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT 
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Vce—Collector to Emitter Voitage —V |c—Collector Current~mA 
INPUT AND OUTPUT CAPACITANCE GAIN BANDWIDTH PRODUCT vs. 
vs. REVERSE VOLTAGE EMITTER CURRENT 
5.0 
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uw oO RF 
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-0.1 -02 -05 -10 -20 -50 -10 ~20 —-50 -0.1 -02 -05-10-20 -50-10 -20 -50 
Vcs—Collector to Base Voltage —V 


Ves—Emitter to Base Voltage —V lb Ennion tbrrent in 
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NEC tcectron oevice 


TYPICAL CHARACTERISTICS OF “Y” PARAMETERS 


INPUT ADMITTANCE (Yip) vs. 
FREQUENCY 


Bin — Conductance —mb 

















bin — Susceptance — md 
































—100 


FORWARD TRANSFER ADMITTANCE (Y¢p) 
vs. FREQUENCY 











bi — Susceptance — md 



































—40 —20 0 20 
Bt» — Conductance — més 


~-80 —60 


POWER GAIN AND NOISE FIGURE vs. 
COLLECTOR CURRENT 





f=900MHz / 
Vcp=10V 














Gpb— Power Gain —dB 



































-6 8 
ic —Collector Current— mA 


NF —Noise Figure — dB 
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ZSAI8S 


REVERSE TRANSFER ADMITTANCE (Yy) 
vs, FREQUENCY 


&rb — Conductance — m6 




















brb — Susceptance — mG 






































OUTPUT ADMITTANCE (Yop) 
vs. FREQUENCY 


bob — Susceptance — ma 









































Zop — Conductance — m0 


900 MHz Gpb & NF Test Circuit 






= eee: 
INPUT 502 O~10p\ /’ OUTPUT 
\/ 


L=25x5x05mm 
(Cu) 


2SA983 NEC ctcrron oevice 


Si, —f, 8.2 —f 
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NEC PNP SILICON TRANSISTOR 


ELECTRON DEVICE 


DESCRIPTION The 2SA987 is designed for use in. an AF amplifier and general 


2SA987 


PACKAGE DIMENSIONS 


purpose. 
in millimeters (inches) 
5.2 MAX. 
(0.204 MAX.) 
FEATURES @ High hee. hee : 400 TYP. (Vce =—6.0 V, Ic =— 1.0 mA) 


® Complementary to 2SC1840. 


23 
2 & 
ABSOLUTE MAXIMUM RATINGS oo 
Maximum Temperatures = 
Storage Temperature ............--. —55 to +125 °C 25 
Junction Temperature ............ +125 °C Maximum bes NS 
Maximum Power Dissipation (Ta=25 °C) . (0.10) 
Total Power Dissipation .............2-0006 500 mW Gon eae 3 
Maximum Voltages and Currents (Ta=25 °C) o—— 3 = 
Vcpo Collector to Base Voltage ............ -40 V CE 28 
VceEo Collector to Emitter Voltage .......... -35 V 
Veso Emitter to Base Voltage ............ -5.0 V 4: Riera. - lade peas 
Ic Collector Current ............0005 - 100 mA a cnee lec: PASS. 
lp Base Current ...... 0.000 eee eee aee -20 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC 







TEST CONDITIONS 


ICBO 
ICEO 
'EBO 
VBE 

VCE (sat) 


DC Current Gain 

OC Current Gain 

Gain Bandwidth Product 
Output Capacitance 
Collector Cutoff Current 
Collector Cutoff Current 
Emitter Cutoff Current 


Base to Emitter Voltage 


é 


Classification of hre2 


Rank 


Collector Saturation Voltage 


-0.55 


- 0.60 
~0.18 


—50 
-1.0 
-50 
-0.65 
-0.50 





VceE =-6.0 V, Ic =-0.1 mA 
VceE =-6.0 V, Ic =-1.0 mA 
Voce =-6.0 V, Ic =-1.0 mA 
Vcp =—10 V, le =0, f=1.0 MHz 
Vcp =— 40 V, le =0 

Vce =—30 V, Reg =? 
Vep=—5.0 V, Ic =0 
VcE=-6.0 V, ig =-1.0 mA 
t¢=-100 mA, Ig =—10 mA 


0 — 40 | 300 — 600 | 40 — 0 


hFE Test Conditions : Vcg =—6.0 V, Ic =-1.0 mA 
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2SA987 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





7 seeshee eens 
ENG ae oe 
PEER Cerna 
eee 
BEae 


PT —Total Power Dissipation — mW 
\¢- Collector Current — mA 





50 75 100: 125 150 


Ta— Ambient Temperature —°C 


COLLECTOR AND BASE SATURATION 
VOLTAGE, DC CURRENT GAIN vs. 
COLLECTOR CURRENT 





~02 Thre FE a 


001 maiiiiamstiimeaii 


10 
-01-02 -05-1 -2 -5~10~20 -50~100 
I¢ — Collector Current —mA 










VBE(sat) ~ Base Saturation Voltage —V 
VCE(sat)~ Collector Saturation Voltage —V 
hee —DC Current Gain 








COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 








-40 
VCE -— Collector to Emitter Voltage—V 


-10 -20 -30 


GAIN BANOWIDTH PRODUCT vs. 
EMITTER CURRENT 
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jer 
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a aa oot oi 
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125 





IC — Collector Current — mA 


Cob — Output Capacitance — pF 





N. EF Cc ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 





























"-0.2 -0.3 04 -05 -06 -0.7-08—09—1.0 


VBE — Base to Emitter Voltage —V 


OUTPUT. CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 





et f=1.0 MHz 
so(—t 
0 ee 
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-1¢ —20 
VcB —Collector to Base Voltage—V 
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NEC | PNP SILICON TRANSISTOR 
a 2SA988 


DESCRIPTION The 2SA988 is designed for use in driver stage of AF amplifier. . 
PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES @ High Voltage. Vee :-120 V 52 MAX. 
® Low Output Capacitance. Cob : 2.0 pF TYP. (Vcg =—30 V) (0.204 MAX.) 
@ High hee. hee : 500 TYP. (Vce =—6.0 V, Ic =— 1.0 mA) 






x 2 
ABSOLUTE MAXIMUM RATINGS ae 
Maximum Temperatures = 
Storage Temperature. ............. -55 to +125 °C 22 
Junction Temperature .......... +125 °C Maximum 52 
Maximum Power Dissipation (Ta=25 °C) 2.54 = 
Total Power Dissipation .............. 500 mW os” 

. Maximum Voltages and Currents (Ta=25 °C) Oe) seen 2 
Vepo Collector to Base Voltage .......... -120 Vv 5 i =a 
Vceo Collector to Emitter Voltage .......... -120 V so 

Vepo Emitter to Base Voltage ............. -5.0 V 
lc Collector Current ........... iesaine —50 mA . Zt Sor eee Gk peaee att 
Ig. Base Current. ....ccu a ere eieee acaress -10 mA meee op wae 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC ‘ , TEST CONDITIONS - 


hee DC Current Gain Vce =—6.0 V, Ic =-0.1 mA 
hFE2 DC Current Gain Voce =—6.0 V, Ic =-1.0 mA 
fr Gain Bandwidth Product Vce =—6.0 V, ic =—-1.0 mA 
Cob Output Capacitance x 3.0 Vcp =—30 V, le =0, f =1.0 MHz 


IcBo Collector Cutoff Current -50 Vop =—-120 V, te =0 


IcCEO Collector Cutoff Current —1.0 Vce =—100 V, Reg = 
lEBO Emitter Cutoff Current -50 Veg =—5.0 V, Ic =0 

VBE Base to Emitter Voltage -0.55 -0.61 -0.65 VceE =—-6.0 V, Ic =—1.0 mA 
VCE(sat) Collector Saturation Voltage —0.09 -0.30 Ic =—10 mA, Igp=—-1.0 mA 





Classification of hres 


Pree |e [ * [ e 
500 = toe | «00 — 0 


hee Test Conditions : Vcg =—6.0 V, IC =—-1.0 mA 
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ZSA988 


TYPICAL CHARACTERISTICS (Ta= 


VBE(sat) —Base Saturation Voltage —V 


VcE(sat) —Collector Saturation Voltage—V 


PT — Total Power Dissipation -mW 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


In free air 
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25 50 75 100 . 125 = =150 
Ta— Ambient Temperature — °C 


COLLECTOR AND BASE SATURATION 
VOLTAGE, DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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-0)-02 -05-1 -2 ~5 -10~-20 —50-100 
I¢ — Collector Current — mA 


I¢ — Collector Current — mA 


hee —DC Current Gain 


25 °C unless otherwise noted) 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


-10 





fT — Gain Bandwidth Product — MHz 




















VCE — Collector to Emitter Voltage—V 





—80 — 100 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 






vis meni anion 






0.10.2 0.5 1 10 20 
le ~—Emitter Current — mA 
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AH 
siti mati mail 


50 100 


{¢ —Collector Current — mA 






-01 
~ 0.05 


~o02t 


-0.01 aaeuag Aoadnaanaa 


Cob — Output Capacitance —pF 


NEC trctron vevice 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 





~0.2 -0.3-0.4-05 -06 -0.7 -08 —-09-1.0 
VBE ~ Base to Emitter Voltage ~ V 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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VcpB — Collector to Base Voltage-V 


NEC 


ELECTRON DEVICE 


DESCRIPTION 


FEATURE © High hee. 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 
Maximum Temperatures 
Storage Temperature 
Junction Temperature .......... 
Maximum Power Dissipation (Ta=25 °C) 
Total Power Dissipation 


Maximum Voltages and Currents (Ta=25 °C) 


Vcgo Collector to Base Voltage..... 
Vceo Collector to Emitter Voltage .. 


Vepo Emitter to Base Voltage 
le Collector Current 
lp Base Current 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC 


DC Current Gain 
DC Current Gain 

fr Gain Bandwidth Product 
Output Capacitance 


NV Noise Voltage 


IcBo Collector Cutoff Current 
ICEO 
'EBO 
VBE 
VCE(sat) 


Collector Cutoff Current 
Emitter Cutoff Current 

Base to Emitter Voltage 
Collector Saturation Voltage 


Classification of hreg 


hee Test Conditions : Vcg =—-6.0 V, Ic =—-1.0 mA 






hee : 400 TYP. (Voge =-6.0 V, Ic =-1.0 mA) 


. . —55 to +125 °C 


CD 


Cr 


Ce ee 





PNP SILICON TRANSISTOR 


2SA990 


The 2SA990 is designed for use in driver stage of AF amplifier. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


ae 










+125 °C Maximum 


5.5 MAX. 
(0.216 MAX. ) 


SD, bee 250 mW 2 
) lez 
= 
= Nw 
b 4 Aas 
spceranene -60 V = [re 
2.54 és 
psgsaz hone -50 V (0.10) 8 
1. 1S 3f, Ze 
Bhs kok arta -5.0 V (0.05) > 
oe 33 
Bate: flied -100 mA ° = 
q8 
saat -20 mA 7S 
1. EMITTER EIAJ : $C-43 
2. COLLECTOR JEDEC: TO-92 
3. BASE tec : PA33 


TEST CONDITIONS 


Voce =-6.0 V, Io =-0.1 mA 
Vce =—6.0 V, Ic =-1.0 mA 
Voce =—6.0 V, Ilo =-1.0 mA 
Vep=-10 V, Ig =0, f= 1.0 MHz 
Voce =—5.0 V, Ic =—-1.0 mA, Rg = 100 ka, 
Gy = 80 dB, f= 10 Hz to 1.0 kHz 
Vcp=—60 V, ie =0 

Voce =—40 V, Ree=? 
Vep=—5.0 V, Ic =0 

Voce =—6.0 V, lc =-1.0 mA 
!¢=—-100 mA, Ilgp=-10 mA 
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2SA990 NEC icrron vevice 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 
































































































































TOTAL POWER DISSIPATION COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
vs. AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
- —10 
Free air 
= 8 
i ; : 
¢ | 
g 7 L 
& 2 b —6 
5 £ 5 
é 3 g~“ 
z if ° 
e “0 | 
f + -2 
a 
0 25 5 100 = 125 
i a . = 0 -02 -04 -06 —-08 -—-10 0 -10 -—20 ~-30 —-40 —50 
Ta—Ambient Temperature — °C : 
Vce—Collector to Emitter Voitage—V Veg — Collector to Emitter Voltage —V 
DC CURRENT GAIN COLLECTOR CURRENT vs. COLLECTOR AND BASE SATURATION 
vs. COLLECTOR CURRENT BASE TO EMITTER VOLTAGE VOLTAGE vs. COLLECTOR CURRENT 
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Cob — Output Capacitance — pF 
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He-Normatized h- Parameters 


Rg —Source Resistance—Q 





NEC ttectron oevice 


a 


NORMALIZED h-PARAMETERS 
vs. EMITTER CURRENT 












































Ht} 
CRT 
oi LH | Ti 
0102 05 1 2 § 10 20 50 100 


le—Emitter Current—mA 


NOISE FIGURE MAP 2 
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NORMALIZED h-PARAMETERS vs. 
COLLECTOR TO EMITTER VOLTAGE 






100 -—+—+4 NORMAL h-PARAMETERS 
-F—tj Vee=—6.0 Vile=1.0 mAf=1.0 kHz 
SOE TH $5.5 kQ, bre = 7.5 107* 


ca 
[| [| bte =205, hoe =28 uS 

















He—Normalized h-Parameters 
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2SA990 


NOISE FIGURE MAP 1 
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NEC PNP SILICON TRANSISTOR 


ELECTRON DEVICE 2 S A 9 9 1 


DESCRIPTION The 2SA991 is best for the head amplifier of tape recorders, the 
equalizer of moving coil type record players, and etc. PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES © Super Low Noise. NV: 30 mV TYP. (See test circuit.) isos a) 


®@ High hee. hee : 400 TYP. (VcgE=—6.0 V, Ic =—1.0 mA) 
® Complementary to 2SC1844. 










5.5 MAX. 
(0.216 MAX.) 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ............0005 —55 to +125 °C gz 
Junction Temperature ............ +125 °C Maximum ag 
Maximum Power Dissipation (Ta=25 °C) 
Total Power Dissipation .............+.5-- 500 mW ie 
Maximum Voltages and Currents (Ta=25 °C) 33 
Vcso Collector to Base Voltage ............ -60 V gy 
Vceo Collector to Emitter Voltage.......... ~60 V ~ 
Vespo Emitter to Base Voltage ............ —5.0 V GAaees ght ante 
Ic Collector Current ................ -—100 mA a ease ie PaaS. 
Ip Base Current .........--.2 000 eee -20 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC : ; TEST CONDITIONS 


heey DC Current Gain VceE=-6.0 V, I¢=—-0.1 mA 
hFE2 DC Current Gain VcE=-6.0 V, I¢=-1.0 mA 
fr Gain Bandwidth Product VcE=-6.0 V, Ic¢=-1.0 mA 
Cob Output Capacitance : ‘ Vcp=—10 V, Ie =0, f=1.0 MHz 


NV Noise Voltage Vce=—5.0 V, Ic =-1.0 mA, Rg =100 kQ 
Gy =80 dB, f=10 Hz to 1.0 kHz 


IcBo Collector Cutoff Current Vcp=-60 V, le=0 
ICEO Collector Cutoff Current Vce=-50 V, Rge=? 
leEBo Emitter Cutoff Current Vep=—5.0 V, Ic=0 


VBE Base to Emitter Voltage VcE=-6.0 V, Ic=~-1 mA 


VCE (sat) Collector Saturation Voltage I¢=-100 mA, Ig=-10 mA 





Classification of hre2 


rok [Fd 
200 — 400 | 300 — 600 | 400 — 800 


hee Test Conditions : Vcg =—6.0 V, Ic =—-1.0 mA 
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2SA991 


TYPICAL. CHARACTERISTICS (Ta= 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
4 Kl 
ones 
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Bl a 
eo PERE 
ae me 
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VBE(sat) —Base Saturation Voltage—V 
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NEC BeeTROM DEVICE . 
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NEC ELECTRON DEVICE 
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NOISE VOLTAGE TEST CIRCUIT 


Re= 100 kQ 
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NOISE FIGURE MAP2 
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2SA991 


NOISE FIGURE MAP3 
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NEC 


ELECTRON DEVICE 


DESCRIPTION 


FEATURES @ High Voltage. Vceo : —120 V 


@ Low Output Capacitance. 


@ High hee. hee : 500 TYP. (VcE= 


@ Complementary to 2SC1845. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature 
Junction Temperature 
Maximum Power Dissipation (Ta=25 °C) 


Total Power Dissipation 


Maximum Voltages and Currents (Ta=25 °C) 


Vcpo Collector to Base Voltage 
Vceo Collector to Emitter Voltage 
Vego Emitter to Base Voltage 


le Collector Current ........... 


Ip Base Current 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


Cop : 2.0 pF TYP. (Veg =-30 V) 
-6.0 V, le =-1.0 mA) 
® Super Low Noise. NV : 25 mV TYP. (See test circuit.) 


PNP SILICON TRANSISTOR 


2SA992 


The 2SA992 is best for use as the middle range amplifier in Hi-Fi 
stereo control amplifiers, power amplifiers, and etc. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX. ) 


esi 










23 
22 
in 
2S 
Zz 
25 
Sin 
xe 
. . ~55 to +125 °C 
+125 °C Maximum is 
Bt 
x 
s= 
w 
pate 500 mw Ss 
2 
sos GE ase -120 Vv 
1. EMITTER EIAJ : $C-43 
ave oot ed —-120 V 2. COLLECTOR JEDEC : TO-92 
3. BASE tec : PA33 
eee ne -5.0 V 
ge hate Heck —-50 mA 
yal te Poke ts -10mA 





SYMBOL CHARACTERISTIC 

DC Current Gain 

DC Current Gain 

fr Gain Bandwidth Product 
Output Capacitance 

NV Noise Voltage 

IcBO Collector Cutoff Current 

ICEO 

'EBO 

VBE 

VCE (sat) 


Collector Cutoff Current 
Emitter Cutoff Current 
Base to Emitter Voltage 


Collector Saturation Voltage 


Classification of hreg 
ea eae 
Range 200 — 400 | 300 — 600 400 — 800 


here Test Conditions : Vcg =—6.0 V, Ic =-1.0 mA 
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TEST CONDITIONS 

VcE=—6.0 V, Ic =—-0.1 mA 

VceE =-6.0 V, Ic =-1.0 MA 

Vce =—6.0 V, Ic =-1.0 mA 

Vc =—30 V, Ie =0, f= 1.0 MHz 

Vee =—5.0 V, Ic =— 1.0 mA, Rg =100 ka 





Gy =80 dB, f=10 Hz to 1.0 kHz 
VcBp=—120 V, Ip =0 
Vce =~ 100 V, Ree = 

Veg =—5.0 V, Ic =0 

Vce =—-6.0 V, Ic =-1.0 mA 
Ic=-10 mA, Ig=—-1.0 mA 


2SA992 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


PT —Total Power Dissipation—mW 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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NEC etectron oevice 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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NEC eiectron vevice 2SA992 


NOISE FIGURE MAP. 
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NOISE VOLTAGE TEST CIRCUIT 
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41Q2KR 


NEC PNP SILICON TRANSISTOR 


ELECTRON DEVICE 2SA1005 


DESCRIPTION The 2SA1005 is designed for use in RF amplifier, conv., and 














“oscillator of FM tuner. PACKAGE DIMENSIONS 
in millimeters (inches) 
5.2 MAX, 
(0.204 MAX.) 
FEATURES ® High gain bandwidth product: f; = 400 MHz TYP. 
3 
@Vcge =—-10 V, Ie = 1.0 mA 25 
@ Small output capacitance: Co, = 1.1 pF TYP. ox 
3 
@Vcp =—10 V, f= 1.0 MHz cs 
@ Low noise figure: NF =3.5 dB TYP. z> 
2s 
“2 (88 
2.54 oe 5 Jt 
ABSOLUTE MAXIMUM RATINGS oe 33 
Maximum Temperatures ee 
Storage Temperature ............... —55 to +125 °C 2 
Junction Temperature ............ +125 °C Maximum *S 
Maximum Power Dissipation (Ta= 25 °C) 
1. EMITTER EIAJ :S8C-43 
Total Power Dissipation........... tuted aye Ae 250 mW 2. COLLECTOR JEDEC : TO-92 
; . 3. BASE 1EC =: PA3 
Maximum Voltages and Currents (Ta=25 C) 
Vcpo Collector to Base Voltage.......... -40 V 
Vceo Collector to Emitter Voltage ....... -40 V 
Veso Emitter to Base Voltage .......... -5.0 V 
Io Collector Current ...........000- —30 mA 
Ig Base Current ......... 2.0 eee eee -20 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 


IcBO Collector Cutoff Current Vcg=—40 V, Ip =0 
lesbo Emitter Cutoff Current VeRp=—4.0 V, Ic =0 
hee DC Current Gain Vce =—10 V, Ic =—-1.0 mA 
VBE Base to Emitter Voltage -0.67 -0.72 Voce =—10 V, Ic =-1.0 mA 


VCE(sat) Collector Saturation Voltage -0.09 -0.3 I¢=—10 mA, Ig=—1.0 mA 

fr Gain Bandwidth Product 250 400 Vee =-10 V, Ip =1.0 mA 

Cob Output Capacitance 1.1 2.0 pF Vcp=—10 V, Ie =0, f= 1.0 MHz 

Cerb'b Collector to Base Time Constant 20 ps Vce =—10 V, Ig =1.0 mA, f= 31.9 MHz 

NF _ Noise Figure 3.5 dB Vce=-10 V, Ic =—-1.0 mA, Rg = 500 2, f= 1.0 MHz 





Classification of hee 


Tae [wT 


here Test Conditions : Vcg =—10 V, ic =—-1.0 mA 
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2SA1005 


| TYPICAL CHARACTERISTICS. (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
TEMPERATURE 


vs. AMBIENT 























Fd 
| 
iad 
(2) 
a 
2 
B 
a 
- 
3 
a 
3S 
i) 
if 
- 
a 
0 25 50 
Ta— Ambient 














75 100 
Temperature— °C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
100 pee 








aut 























ee 
HS 6 tet wo = 




















\¢— Collector Current— mA 





























al 
0 -02-0.4 -06 














0.8 -1.0 -12 -14 


Vpe—Base to Emitter Voltage—V 


BASE SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 




















VBE(sat)— Base Saturation Voltage—V 





0.01 
=01-0.2 -05-10 -2.0 























Ig¢—Collector Current—mA 


hee—DC Current Gain 


fr—Gain Bandwidth Product— MHz 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
-10 

















ecteenca 
a= —80 pA ee 
-—8 A 
‘Pee CE 
bce CE 
Weer Ce 
§ Wo 4} —t 
| eee 
a Zee 















-12 —16 ~-20 
Vce— Collector to Emitter Voltage—V 


DOC CURRENT GAIN vs. 


































































> 
z 
8 
$ 
s 
§ 
100 ' Ltd = 
mem aant ete HHH Hd . 
4 s 
of i tig 
os 
~0.1-02 -05-10-20 -50-10 -20 50-100 5 
i¢—Collector Current—mA Ps 
> 
GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 
1 =e 
5000[———;-—7~] GanEmeE 
‘ee ee 
Pre RA GW 1 SC 
sean ee AEE et 
Oe cae TT 
oa 
of — == 
(ecilionn 
{0 2.0 20. «50 «100 





\e— Emitter Current— mA 


138 


NEC tectron vevice 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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OUTPUT CAPACITANCE vs. 
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NEC etectron vevice 2SA1005 


INPUT CAPACITANCE vs. 
EMITTER TO BASE VOLTAGE 
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EC SILICON TRANSISTOR 


ELECTRON DEVICE 2 S B 5 6 4 


AUDIO FREQUENCY POWER AMPLIFIER 
PNP SILICON EPITAXIAL TRANSISTOR 


DESCRIPTION 
The 2SB564 is designed for use in driver and output stages of audio frequency amplifiers. 


FEATURES 
@ High total power dissipation: 
1.0 W at 25 °C ambient temperature. 
7.0 MAX oy ® Complementary to the NEC 2SD471 NPN transistor. 


(0.275 MAX) (0.047) 


PACKAGE DIMENSIONS 


in millimeters (inches) 








ABSOLUTE MAXIMUM RATINGS 


Peat Maximum Voltages and Currents (Ta=25 °C) 


(0.031) == 





nee Collector to Base Voltage (Rge = ©) Vcso —30 Vv 
(0.024) Collector to Emitter Voltage (Open Base) VcEo —25 Vv 
Emitter to Base Voltage VEBO —5.0 Vv 
Continuous Collector Current Ic(pc) —1.0 A 
re Peak Collector Current* IC(peak) —1.5 A 
sald ag Maximum Power Dissipation 
28 Total Power Dissipation 
a8 at 25 °C Ambient Temperature Py 1.0 Ww 
1. Emitter 7 Maximum Temperatures 
nea Storage Temperature Tsty —55 to+150 ‘TC 
Operating Junction Temperature Tj 150 C 


*Pulse test : PW <10 ms, duty cycle = 50 % 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


[—cHaRacTeRisTic [| Syweou_| MIN] TWF 
[cates Swrtion Vows [Veet [| Wee tg=-rA | 
"sie Swtration Votoe | Vaca [| -19 | -12 |v [ tes10A geo A > 














Tost [___Tesreonprrions J 
ra | Vess0Vte-o 
aa [ves s0vicro 
ee stv | 
ee? 
Ta Ver? 

es 









Output Capacitance Vcp=—6.0 V, te =0, f= 1.0 MHz 
Gain Bandwidth Product Voce =-6.0 V, IE =10 mA 





Pulse test : pulse width S 350 us, duty cycles 2 % 
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2SB564 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 








PT —Total Power Dissipation —W 





0 25 50 75 100 125 150 
Ta—Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 








Ic —Collector Current — mA 








VcE—Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 











VBE(sat) — Base Saturation Voltage—V 
VCE(sat)— Collector Saturation Voltage —V 
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NEC tsectaon oevice 


SAFE OPERATING AREAS 
(TRANSIENT THERMAL RESISTANCE) 
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NEC ascrooncenct | 2SB564 


DC CURRENT GAIN vs. GAIN BANDWIDTH PRODUCT 
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EC SILICON TRANSISTOR 


ELECTRON DEVICE | 2 S B 6 O 5 


AUDIO FREQUENCY POWER AMPLIFIER 
PNP SILICON EPITAXIAL TRANSISTOR 





DESCRIPTION 


The 2SB605 is designed for use in driver output stages of audio frequency amplifiers. 


FEATURES 
® High total power dissipation and high breakdown voltage: 
1.0 W at ambient temperature / Vceg =- 50 V 
Reng (oe ® Complementary to the NEC 2SD571 NPN transistor. 


PACKAGE DIMENSIONS 


in millimeters (inches) 













ABSOLUTE MAXIMUM RATINGS 
Maximum Voltages and Currents (Ta=25 °C) 


3.0 MAX. 
(0.118 MAX.) 


0.840.} 
(0.031) 




















He ye Zz Collector to Base Voltage (Reg =e) VcBo - 60 Vv 
0.024 2 Collector to Emitter Voltage (Open Base) Vceo - 50 Vv 
a © _ Emitter to Base Voltage VEBo -5.0 Vv 
:- _ ree Continuous Collector cates Ic(Dc) ~0.7 A 
(0.067) (0.067) og (0.022) Peak Collector Current Icl(peak) -1.0 A 
33 Maximum Power Dissipation 
es Total Power Dissipation 
ie et at 25 °C Ambient Temperature Pr 1.0 W 
2. Collector Maximum Temperatures 
eras Storage Temperature Veg -55to+150 °C 
Operating Junction Temperature Tj 150 26 


*Pulse test : PW S10 ms, duty cycles 50 % 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL MIN. TYP. MAX. TEST CONDITIONS 















Emitter Cutoff Current lEBO - 100 nA Vep=-5.0 V, Ic=0 


DC Current Gain 90 200 400 VcE=-1.0 V, Ic=-0.1A 
DC Current Gain r- | Vee=-1.0 V,Ic=-O.5A 
Vce =-6.0 V, ic¢=-10 mA 
vere 4 -0.16 | -0.35 / I¢=-0.5 A, Ig=-50 mA 
Base Saturation Voltage VBE (sat) -0.90 vi -1.2 Vv Ic =-0.5 A, Ip=-50 mA 


Gain Bandwidth Product Vee =-6.0 V, Ip =10 mA 


«Pulse test : pulse width S 350 ys, duty cycle S2 % 






















Base to Emitter Voltage 














Collector Saturation Voltage 







































2SB605 NEC tttctron oevice 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION SAFE OPERATING AREAS 
vs. AMBIENT TEMPERATURE (TRANSIENT THERMAL RESISTANCE) 


I¢—Collector Current—A 





Py7—Total Power Dissipation—W 











0 2 50 75 100 125 150 — 0.015 
Ta—Ambient Temperature —°C 


—2 -5 -10 —20 —50 —100 
VcE — Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs, COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 























-1.0 
PS ame 
Pee ee 
ae Saale 
5 = oa Z 
3 eae 8 —64 | er 
: = aay Z 
: Soar ra » 
ee, 
f} 
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VcE— eres to Emitter Voltage—V VCE —Collector to Emitter Voltage —V 
BASE AND COLLECTOR SATURATION COLLECTOR CURRENT vs. BASE 
VOLTAGE vs. COLLECTOR CURRENT TO EMITTER VOLTAGE 


pt C enil is 
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et Cot 
PT 





VBE(sat) ~ Base Saturation Voltage—V 
VCE(sat) ~ Collector Saturation Voltage—V 
Ic—Collector Current —mA 


Oe -2m_ -5m-10m-20m -50m-100m-200m-500m-1 -2 -§ 


\¢—Collector Current—A 


1 
—04—-0.5 —0.6 —0.7 —08 —0.9 -1.0 
Vpe—Base to Emitter Voltage—V 


NEC tiectaon oevice 2SB605 


DC CURRENT GAIN vs. GAIN BANDWIDTH PRODUCT 
ESL LEGTOR ORG ENT vs. EMITTER CURRENT 
1000 p=; 





hee—OC Current Gain 
ft—Gain Bandwidth Product —MHz 
re) 
Oo 























10 
mim an ~Sm_ 10m — 20m 50m — 100m -200m $00 — 1 10-5 0 20~SC* 100 200 500 1000 


Ic —Collector Current —A le —Emitter Current —mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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Vcg—Collector to Base Voltage —V 


NEC SILICON TRANSISTOR 


ELECTRON DEVICE 2SC28 TA( B ) 


VHF OSCILLATOR 


NPN SILICON EPITAXIAL TRANSISTOR 
“DISK MOLD” 


DESCRIPTION 


The 2SC287A(B) is an NPN silicon epitaxial transistor intended for use as 
VHF oscillator in a tuner of a TV receiver. 

The device features stable oscillation and small frequency drift against any 
change of the supply voltage and the ambient temperature. 


PACKAGE DIMENSIONS (Unit : mm) 





FEATURES 


®@ High gain bandwidth product; f;=1100MHz TYP. 
@ Low collector to base time constant; C.-rbh’p= 10 ps TYP. 
@ Low output capacitance; Cop =1.0pF MAX. 





ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 
Maximum Voltages and Current 





Collector to Base Voltage VcsBo 35 Vv 
Collector to Emitter Voltage VcEO 15 Vv 
Emitter to Base Voltage VeBo 4.0 V 
Collector Current Ic 20 mA 
64. OMAX. Maximum Power Dissipation 
Total Power Dissipation Pr 200 mw 
1. Base Maximum Temperatures 
cy oie Junction Temperature Tj 125 , 
Storage Temperature Tstg -55 to+125 °C 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 
CHARACTERISTIC | SYMBOL : : TEST CONDITIONS 





Collector Cutoff Current IcBO ‘ Vcp=15V, le=0 





DC Current Gain hee VceE=10V, Ic=5.0mA *1 
Collector Saturation Voltage VCE (sat) | : . \c¢=10mA, |gp=1.0mA 

_— 
Gain Bandwidth Product VcE=10V, IE =-5.0mMA 











Output Capacitance R i Vcp=10V, ig =0, f=1.0MHz 
Reverse Transfer Capacitance *2 A VcE=10V, f=1.0MHz 








— 


: VcE=10V, le =-5.0mA 
Collector to Base Time Constant £=31.9MHz 

















*1 hee Classification F:60—120 E: 100 — 200 
*2 The base terminal should be connected to the guard terminal of the capacitance bridge. 
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Z2SC287A(B) NEC etectron vevice 


TYPICAL CHARACTERISTICS (Ta = 25°C) BASE TOLEINITICR VOLTAGE 


i cares Gare! (eae ia Ha 











TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 








a 
oO 








P.W.B 
Size 
196 X51X1.5 
mm 





o 








se 
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I¢— Collector Current—mA 














Py—Total Power Dissipation— mW 





geini 
Pape 
0.8 0.9 1.0 












































0 25 50 75 100 125 0.5 0.6 0.7 
Ta— Ambient Temperature—'C Vge— Base to Emitter Voltage—V 
COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT 
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GAIN BANOWIDTH PRODUCT vs. 
OUTPUT CAPACITANCE vs. EMITTER CURRENT 
COLLECTOR TO BASE VOLTAGE 
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Vcg~ Collector to Base Voltage—V 
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NEC aecrnon oevice 


bip— Input Susceptance— m0 


bgp—Forward Transfer Susceptance— m0 


INPUT ADMITTANCE (Vib) 
vs. FREQUENCY 


Bip—!nput Conductance—mU 


0 20 40 60 80 100 






Yib= Bibt ibip 
Vop=10V 





seers er 


























FORWARD TRANSFER ADMITTANCE (Yfb) 
vs. FREQUENCY 


Ytb= 8fp + itp 


























8¢h—Forward Transfer Conductance—mU 
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Z962Z5/ AD) 


REVERSE TRANSFER ADMITTANCE (Yrb) 
vs. FREQUENCY 


Brb— Reverse Transfer Conductance—mU 
1.0 08 06 04 -02 0 


Yrb=8rb + ibrb 














brp— Reverse Transfer Susceptance—mp 





ig=—10mA —5mA 4 
~7mA 

















OUTPUT ADMITTANCE (Yob) 
vs. FREQUENCY 


Yob=8obt ibob 
Vog=10V 


250MHz ~~] J 














bob Output Susceptance—mU 





























0 1.0 2.0 
Zob— Output Conductance—mU 


NEC SILICON TRANSISTOR 


ELECTRON DEVICE 2SC288A(I -B) 


UHF OSCILLATOR 
NPN SILICON EPITAXIAL TRANSISTOR 
“DISK MOLD” 





DESCRIPTION 
PACKAGE DIMENSIONS (Unit : mm) The 2SC288A(1-B). is an NPN silicon epitaxial transistor intended for use 
as UHF oscillator in tuner of a TV receiver. 
The device features stable oscillation and small frequency drift against any 
change of the supply voltage and the ambient temperature. 





FEATURES 
® High gain bandwidth product; fy; = 1100MHz TYP. 
© Low collector to base time constant; C,- tp, =8ps TYP. 
@ The most suitable capacitance; 1.05 TYP. 
@ Easy economical mounting realizable with plastic mold package. 





ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 
Maximum Voltages and Current 





Collector to Base Voltage Vcso 35 Vv 
Collector to Emitter Voltage VcEO 15 V 
Emitter to Base Voltage VEBOo 4.0 Vv 
4. OMAX. Coilector Current Ic 20 mA 
Maximum Power Dissipation 
4s Baas Total Power Dissipation P+ 200 mW 
2. Emitter Maximum Temperatures 
Smenecrer Junction Temperature T; 125 °C 
Storage Temperature Tstg -55 to +125 °c 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 
CHARACTERISTIC SYMBOL , : : UNIT TEST CONDITIONS 


Collector Cutoff Current ICBO . LA i. Vcp = 15V, le =0 


DC Current Gain hre 60 : H _[|. Vce= 10V, Ic =5.0mA*1 
Collector Saturation. Voltage VCE (sat) | Avs a Ic =10mA, Ip =1.0mMA 


























Gain Bandwidth Product fr 850 | ‘VCE = 10V, IE =-5.0MA 








Output Capacitance Vcp= 10V, IE -0, f= 1.0MHz 


= 
Reverse Transfer Capacitance *2 | 0.6 : Vce = 10V, f= 1.0MHz 














Collector to 12 Vce = 10V, le =-5.0mMA 
Base Time Constant f =31.9MHz 




















“1 hee Classification F :60—120 E : 100 — 200 ; 
*2 The base terminal should be connected to the guard terminal of the capacitance bridge. 
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2SC288A(I-B) 


TYPICAL CHARACTERISTICS (Ta=25°C) 


Py— Total Power Dissipation— mW 


I¢— Collector Current— mA 


Cop~ Output Capacitance— pF 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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25 50 75 100 125 


Ta— Ambient Temperature—°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





























) 10 15 20 
Vce—Collector to Emitter Voltage—V 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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2.0 3.0 5.0 10 - 20 30 50 100 
Vep—Collector to Base Voitage—V 


hee—DC Current Gain 


150 


125 
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COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 









































\¢— Collector Current— mA 






































0.5 0.6 0.7 0.8 0.9 1.0 
Vee— Base to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 

































































I¢— Collector Current—mA 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 




















f7—Gain Bandwidth Product — MHz 






























































0.1 ~0.5-1.0 -5.0-10 50 


Ig—Emitter Current—mA 


NEC etectron oevice 


bip—Input Susceptance—mU 


bfh—Forward Transfer Susceptance—mU 


INPUT ADMITTANCE (yin) 
vs. FREQUENCY 


8jp— Input Conductance— mU 


0 10 20 30 40 50 


Yib=Bibt ibib 















































FORWARD TRANSFER ADMITTANCE (yp) 
vs. FREQUENCY 


100 





Ytb= &fbt ibth 
Vog=10V 
























































30 ~20 =10 0 +10 +20 


& fp Forward Transfer Conductance—mO 
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Dop- Output Susceptance—mU 


2SC288A(I-B) 


REVERSE TRANSFER ADMITTANCE (y,4)} 
vs. FREQUENCY 


&rp— Reverse Transfer Conductance — mU 
~10 -0.8-0.6 —0.4 —0.2 0 





Yrb=8rbt iDrb|_ 
Vop=10V 
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brp— Reverse Transfer Susceptance—mU 


























OUTPUT ADMITTANCE (yob) 
vs. FREQUENCY 



























































0 1.0 2.0 
Bob Output Conductance—mU 





NEC SILICON TRANSISTOR 


ELECTRON DEVICE IS C288A(5 ; B) 


UHF OSCILLATOR 
NPN SILICON EPITAXIAL TRANSISTOR 
“DISK MOLD” 


DESCRIPTION 


PACKAGE DIMENSIONS . ve 
fanaillieneters (inches) The 2SC288A(5-B) is an NPN silicon epitaxial transistor intended for use 


as UHF oscillator in a tuner of a TV receiver, 
The device features stable oscillation and small frequency drift against any 
change of the supply voltage and the ambient temperature. 












(0. 199M.) (0. 158MIN) FEATURES 
2% © High gain bandwidth product; f7 = 1300MHz TYP. 
s @ Low collector to base time constant; Cg, - tp'ph =8ps TYP. 
> ae @ Low output capacitance; Co, =1.0pF MAX. 
xz MARKING 
Be ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Maximum Voltages and Current 





Collector to Base Voltage Vcso 30 Vv 
Collector to Emitter Voltage VcEO 15 Vv 
a Emitter to Base Voltage VEBO 4.0 V 
Collector Current Ic 20 mA 
1. Base 
2. Emitter Maximum Power Dissipation 
3. Collector a ¢ 
Total Power Dissipation P+ 200 mW 
Maximum Temperatures 
Junction Temperature Tj 125 a 6: 
Storage Temperature Tstg -55 to +125°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Twn [We [wax [uw [Test conoiions | 
Fcotector tot caren | tego ||| es | #a | Veertsv.ie-o | 
as 
<< 















SYMBOL 


Collector Saturation Voltage VCE (sat) | or | o8 | ov | Ic =10mA, Ig =1.0MA 
Gain Bandwidth Product | fr |. 1000 1300 Voce =10V, Ie =-5.0mA 


NFE 
a a 
Vcop = 10V, Ie =0 
VcE = 10V, Ig =-5.0mA 
th 


hfe Classification F:60—120 E : 100—200 





Output Capacitance 












Collector to Base Time Constant 
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TYPICAL CHARACTERISTICS (Ta = 25°C) 






































































































































































































































TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 
500 i 
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Vcr—Cotlector to Emitter Voltage—V 
OUTPUT CAPACITANCE vs. GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR TO BASE VOLTAGE EMITTER CURRENT 















































C.,.—Output Capacitance — pF 





f1—Gain Bandwidth Product ~ MHz 

























































































-0.5 -1 a2 -§ -10 -20 ~50 
|p—Emitter Current—mA 





Vcee-Collector to Base Voltage-V 
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LOVEOOALT'D! 


TYPICAL SMALL SIGNAL “Y” PARAMETERS (Common Base) 


NEC etectron oevice 
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2SC288A(5:B) NEC tiectron nevice 
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NEC 


ELECTRON DEVICE 


SILICON TRANSISTORS 


FOR TV TUNER 


2SC605(B), 2SC606(B) 


2SC606(B): VHF RF AMPLIFIER 
2SC605(B): VHF MIXER 
NPN SILICON EPITAXIAL TRANSISTOR 


PACKAGE DIMENSIONS (Unit : mm) 


0.65 


MARKING 


2.5 MAX. 


¢ 4.0 MAX. 


1. Base 
2. Emitter 
3. Collector 





FEATURES 
@ Low NF high Goe. 


NF =2.0 dB TYP. Gpe = 24 dB TYP. (f= 200 MHz) 
®@ Forward AGC capability to 30 dB. 
® Low output capacitance; C,, =0.55 pF TYP. 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 


Collector to Base Voltage 
Collector to Emitter Voltage 
Emitter to Base Voltage 
Collector Current (DC) 
Total Power Dissipation 
Junction Temperature 
Storage Temperature 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL 


MIN. 


2SC605(B) 2SC606(B) 
TYP. 





Vcso 30 Vv 
Vceo 30 Vv 
VeEBO 4.0 Vv 
le 20 mA 
Pr 200 mW 
1 125 °C 
Tedd —55 to +125 “C 


TEST CONDITIONS 
wel eee 





Collector Cutoff Current} Icgo 
DC Current Gain *! 
Gain Bandwidth Product 





Output Capacitance 


VcBp=20 V, le =0 

VcE=10 V, Ic =3.0 MA 
Vce=10 V, IE =-3.0 mA 
f=1.0 MHz, Veg =10 V, IE =0 








Power Gain 


f = 200 MHz, Ic=3.0 mA 





AGC Current *? 














f = 200 MHz 
IE at gain reduction of 30 dB 





Noise Figure 








*! 2SC605(B) hee Classification M : 40-80 L: 60-120 K : 100—200 
*2 2SC606(B) laGc Classification V : -8.0 —--10.5 mA T: -9.3 ——-11.0 mA 
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f =200 MHz, Ic =3.0 mA 
To see test circuit 





2SC605(B), 2SC606(B) 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


Py — Total Power Dissipation - mW 


Ic —Collector Current —mA 


Cob — Output Capacitance — pF 







TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 














Ta—Ambient Temperature — °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


| fee ea 
pa ae 
a Ee 
Pi Pt 





VceE~ Collector to Emitter Voltage ~V 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


0 re 
0 as ee ae Li 
Seater 





02 05 #10 20 50 10 20 50 


Vcp —Collector to Base Voltage —V 
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COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


























I¢—Collector Current —mA 
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VpE — Base to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 











hee —DC Current Gain 


























01 02 05 #10 20 50 100 200 


I¢— Collector Current—mA 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 











ft —Gain Bandwidth Product — MHz 














-01 -02 -05 -10-20 ~-50 -10 —20 


lE—Emitter Current—mA 
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bie — Input Susceptance —mS 


INPUT ADMITTANCE (Yie) 
vs. FREQUENCY 








@ic¢=3.0 mA 
Ole=5.0 mA 
Alc=7.0 mA 
XI¢=10 mA 











Yie= “Bie + jbie 











Zie — Input Conductance —mS 


FORWARD TRANSFER ADMITTANCE (Yfe) 
vs. FREQUENCY 
































Oe ee 
g VcE=10 V 
| 09 x L300 _1 @ic=3.0 mA 
2 \ Olc=5.0 mA f= 100 MHz 
s *J 250 Alc=7.0 mA NE + 
2 200 Xl¢=10 mA e150 
4 -40 + a 
n 150 f=100 MHz 
Sieat * oj 
oO x 
= —60 f= 100 MHz L 2250 | 
: | ‘= 
g = 300 4 
S f=300 MHz a f= 100 MHz 
-—80 & 
| 250 Y4 
y AA | 
2 f= 300 MHz 
-1 ° 
-10 0 20 250 40 0200 60 


Bfe-— Forward Transfer Conductance — mS 
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Dre — Reverse Transfer Susceptance —mS 


Doe — Output Susceptance—mS 


2SC605(B), 2SC606(B) 


REVERSE TRANSFER ADMITTANCE (Yre) 
vs, FREQUENCY 


Yre=Gret ibre 
VcE=10 V 



































—08 06 -04 =O2 0 


Zre—Reverse Transfer Conductance —mS 


OUTPUT ADMITTANCE (Yoe) 
vs. FREQUENCY 


Yoe = Boe + ibe 





@ic=3.0 mA 
Olc=5.0 mA 
Alc=7.0 mA 
XI¢=10 mA 

















0.2 04 0.6 08 10 
Boe — Output Conductance —mS 


2SC605(B), 2SC606(B) NE 


ELECTRON DEVICE 


NOISE FIGURE, POWER GAIN 
vs. EMITTER CURRENT 


+30 


f=200 MHz 
To see test circuit 


+20 











+10 














-10 


Gpe — Power Gain — dB 
NF —Noise Figure — dB 








—20 












































0 =2 —4 -6 -8 ~<10 -12 


le —Emitter Current—mA 


200 MHz Gpe, NF, lage TEST CIRCUIT 


~10p 








INPUT 100 p 
50 0 





1000 p 
I ' 1000 p 


é 
VAGC Voc =12 V 





Ly ; 0.6 mm Cu wire Plated with Ag 4T 6 mm inter dia. 

Lg ; 0.6 mm Cu wire Plated with Ag 4T 6 mm inter dia., ground 
with 2.5T from collector, pitch 2.0 mm 

L3 ; 0.6 mm Cu wire plated with Ag 2T 6 mm inter dia. 
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NEC 


NPN SILICON TRANSISTOR 


micas 2SC945 
DESCRIPTION The 2SC945 is designed for use in driver stage of AF amplifier 
and low speed switching. PACKAGE DIMENSIONS 
in millimeters (inches) 
5.2 MAX. 
FEATURES @ High Voltage (VceE9 > 50 V) (0.204 MAX.) 


@ Excellent hee Linearity 
heey (0.1 mA)/hree2 (1.0 mA) 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ............ 


Junction Temperature ............ 


Maximum Power Dissipation (Ta=25 °C) 


Total Power Dissipation .......... 
Maximum Voltages and Currents (Ta=25 °C) 
Vcspo Collector to Base Voltage .... 


Vceo Collector to Emitter Voltage 


Vego Emitter to Base Voltage ..... 
lc Collector Current .......... 


Ig Base Current ............. 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL 


CHARACTERISTIC 
DC Current Gain 
DC Current Gain 
Noise Figure 
Gain Bandwidth Product 
Collector to Base Capacitance 


lcBo Collector Cutoff Current 
ICEO Collector Cutoff Current 
lEBO Emitter Cutoff Current 

VBE Base to Emitter Voltage 
VCE (sat) Collector Saturation Voltage 
VBE (sat) Base Saturation Voltage 


Classification of hreg 


90 —180 | 135-270 | 200-400 | 300 — 600 


heeg Test Conditions : VcE=6.0 V, Ic =1.0 mA 














aan 






: 0.92 TYP. 


5.5 MAX 
(0.216 MAX.) 


ZZ 
—55 to +125 °C es 
xs 

+125 °C Maximum 254 

(0.10) 

1.27 
rere 250 mw (0.05) Ae 
+ Baws 60 V 7S 
eet As 50 V 1. EMITTER EIAJ :sc43 

2. COLLECTOR JEDEC : TO92 

isheteree 5.0 V 3. BASE IEC =: PA33 
Mo pits 100 mA 
bieagher ae 20 mA 


TEST CONDITIONS 


Vce=6.0 V, Ic =0.1 mA 
VcE=6.0 V, Ic=1.0 mA 
VcE=6.0 V, Ic =0.1 MA, Rg =2.0 kQ, f=1.0 kHz 
Vce=6.0 V, ip=-10 mA 
Vcp=6.0 V, le =0, f=1.0 MHz 
Vcp =60 V, Ile =0 

VcE=40 V, ip=0 

VeB=5.0 V, Ic=0 

Vce=6.0 V, Ic=1.0 mA 
I¢=100 mA, Ig=10 mA 
Ic=100 mA, Ig=10 mA 


2SC945 NEC euectnon vevice 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION NORMALIZED COLLECTOR CUTOFF COLLECTOR CURRENT 
vs. AMBIENT TEMPERATURE CURRENT vs. AMBIENT TEMPERATURE vs. COLLECTOR TO EMITTER VOLTAGE 
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0 25 50 75 100 125 150 eI ll 700 0 0.4 0.8 1.2 1.6 2.0 
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S-- AIBIENE E omipetatips-—"G 8 4 Ta—Ambient Temperature —°C cE . 
Ss 
COLLECTOR CURRENT DC CURRENT GAIN DC CURRENT GAIN 
vs. COLLECTOR TO EMITTER VOLTAGE vs. COLLECTOR CURRENT vs, COLLECTOR CURRENT 
10 360 
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“02 03 04 05 06 07 08 09 10 


Ic —Collector Current—mA le —Emitter Current—mA 
VpE —Base to Emitter Voltage —V yooee eee ee 


ana 


NEC riecrron evice 


EMITTER TO BASE AND COLLECTOR TO 
BASE CAPACITANCE vs. REVERSE VOLTAGE 





Oo 














Cip —Emitter to Base Capacitance —pF 
Cob —Collector to Base Capacitance —pF 


me: <> 





102 OF 1 2 5 10 2 50 100 
Vep—Emitter to Base Voltage —V 
Vcp —Collector to Base Voltage —V 


NORMALIZED h-PARAMETERS 
vs. COLLECTOR CURRENT 


Voce =6.0 V 
f=1.0 kHz 
ne hellc) 
en helic =1.0 mA) 





He—Normalized h - Parameters 














i¢ —Collector Current—mA 


NOISE FIGURE MAP 1 
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Rg—Source Resistance —Q 




















iL aut 
0.01 0.02 3 01 02 05 1 2 5 10 
Ic —Collector Current—mA 


SMALL SIGNAL CURRENT GAIN 
vs. DC CURRENT GAIN 


1000 


























hfe —Small Signal Current Gain 

















0 800-1000 
hee —DC Current Gain 


NORMALIZED h-PARAMETERS 
vs. COLLECTOR TO EMITTER VOLTAGE 








He—Normalized h - Parameters 











VcE—Coliector to Emitter Voltage—V 


NOISE FIGURE MAP 2 





500 kK 
was WAN t] 
we SNS 4f=1.0 Hz 


= Wiou 
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Rg—Source Resistance —Q 





100 — 
001002 0601 02 05 1 2 5 10 
I¢ —Collector Current—mA 
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Z9UC949 


INPUT IMPEDANCE, VOLTAGE FEEDBACK 
RATIO AND OUTPUT ADMITTANCE 
vs. SMALL SIGNAL CURRENT GAIN 
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4 VcE =6.0 V 
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hfe—Small Signal Current Gain 


E, AND 1, vs. COLLECTOR CURRENT 


NF =10 logw (1 + tafe 
De 4kT RG 


K:1.38X10°(K ') 
:273.15 +Ta(K) 


En—Noise Voltage —nV// Hz 











0. Qo o@ 06 0102 05 1 2 «5 10 


\¢—Collector Current—mA 


NOISE FIGURE MAP 3 





Rg—Source Resistance —Q 
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i¢ —Collector Current—mA 


NEC NPN SILICON TRANSISTOR 
ELECTRON DEVICE 2$C945 © 


























DESCRIPTION The 2SC945(L) is designed for use in an AF amplifier of PACKAGE DIMENSIONS 
low level low noise and general purpose. in millimeters (inches) 
5.2 MAX. 
: ; (0.204 MAX.) 
FEATURES @ Excellent hee Linearity rT 
(hee; (0.1 mMA)/heeo(1.0 mA): 0.92 TYP.) 
FE1 FE2 ae @ 7 
@ Low Noise Figure (NF;: 2.5 dB TYP.) oe 
<x 
®@ High Voltage (VcEp > 50 V) => 
8 
2g 
ABSOLUTE MAXIMUM RATINGS 0.45 
(0018) |Zz2 
Maximum Temperatures i Wee 
. ow 
Storage Temperature ......... -55 to +125 °C xs Ns 
Junction Temperature. ....... +125 °C Maximum G0) at a 
Maximum Power Dissipation (Ta=25 °C) hae as 
Total Power Dissipation ........... 250 mW x > 
= 
Maximum Voltages and Currents (Ta= 25 °C) . 2 
Vcspo Collector to Base Voitage........ 60 V is 
Vceo Collector to Emitter Voitage Ab, te alter al Se 50 V 1. EMITTER EIAJ : SC-43 
Vego Emitter to Base Voltage ....... 5.0 V 2. COLLECTOR JEDEC: TO-92 
3. BASE 1EC —-: PA33 
le Collector Current .......... 100 mA 
Ip Base Current. ..........00. 20 mA 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
heey DC Current Gain 50 185 - Voce =6.0 V, |c=0.1 mA 
hee2 DC Current Gain 90 200 600 — VcE=6.0V, lo=1.0mA 
NFy Noise Figure (he eg Rank KA, PA, QA) 2.5 20 dB VcE=6.0 V, Ic=0.3 MA, RG=10 k&, f= 100 Hz 
NF9 Noise Figure 1.2 20 dB VcE=6.0 V, 1¢=0.3 mA, RG=2.0 kQ, f= 100 Hz 
fT Gain Bandwidth Product 150 250 . 450 MHz Vce=6.0V, ie=-10mA 
Cob Output Capacitance 3.0 4.0 pF Vcp=6.0 V, le =0, f=1.0 MHz 
IcBO Collector Cutoff Current 100 nA Vcp=60 V, ie=0 
ICEO Collector Cutoff Current 1.0 MA VcEe=40 V, Ip=0 
lEBO Emitter Cutoff Current 100 nA VeER=5.0 V, lc=0 
VBE Base to Emitter Voltage 0.55 0.62 0.65 Vo VceE=6.0V, Ic=1.0 mA 
VCE(sat) Collector Saturation Voltage 0.15 0.30 V I¢=100 mA, Ig=10 mA 
VBE(sat) Base Saturation Voltage 0.86 1.00 Vv I¢=100 mA, |p=10 mA 











Classification of hre2 


Rank RA aa PA KA 
Range 90 — 180 135 — 270 | 200 — 400 300 — 600 


hee? Test Conditions : Vcg=6.0 V, Ic=1.0 mA 
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ZSC945(L) 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


300 





250 











200 








PtT—Total Power Dissipation—mW 
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paciie PreIN! 


0 25 50 75 100 125 150 
Ta—Ambient Temperature —°C 























COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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Voce —Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 



































I¢ —Collector Current—mA 






































0.01 
02 #03 404 05 06 07 08 O09 10 
VBE —Base to Emitter Voltage—V 


NORMALIZED COLLECTOR CUTOFF 
CURRENT vs. AMBIENT TEMPERATURE 



























































6) —Normalized Collector Cutoff Current 
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lo —Collector Current—mA 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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—Collector Saturation Voltage -V 






























































> 

\ 

o 

20 
= 

() 
a ——= 

Ss {| + 
= 0.5 Toth 
< een ee 
ee ei GI 
n ot i oe 
g2 ot LU 

CY “ESE 
[oa) als are tae 

| 0.05 E+) 
se [|__| 

BG 

Tw 0.02 

PY 0.0 


“0102 05 1 2  +#«5 10 2 50 100 


Ic —Collector Current—mA 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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I¢—Collector Current—mA 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 
































ff —Gain Bandwidth Product—MHz 
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INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 


100 == 





50 


20 
10 











Cjp —Input Capacitance —pF 
Cob — Output Capacitance —pF 
































“01 02 05 1 2 5 10 20 50 100 
Vcp —Collector to Base Voltage —V 
VeEB—Emitter to Base Voltage —V 


NORMALIZED h-PARAMETERS 
“vs. COLLECTOR CURRENT 


He—Normalized h- Parameters 





















































0.1 0.2 05. 1 2 5 
Ic —Collector Current—mA 


NOISE FIGURE MAP 1 

























































































100 NS cy 
0.01 002 06 01 02 05 1 2 5 10 
Ic —Collector Current—mA 


hfe —~Small Signal Current Gain 


SMALL SIGNAL CURRENT GAIN 
DC CURRENT GAIN 


1000 





2SC9450 


INPUT IMPEDANCE, VOLTAGE FEEDBACK 
vs. RATIO AND OUTPUT ADMITTANCE 
vs. SMALL SIGNAL CURRENT GAIN 
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hFeE—DC Current Gain 


NORMALIZED h-PARAMETERS 


vs. COLLECTOR TO EMITTER VOLTAGE Cn AND i, vs. COLLECTOR CURRENT 
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EC SILICON TRANSISTOR 


RON 2SC1070(B) 


RF AMP. FOR UHF TV TUNER 
NPN SILICON TRANSISTOR 
DISK MOLD 


The 2SC1070(B) is specifically designed for UHF RF amplifier 
PACKAGE DIMENSIONS (Unit : mm) applications. The 2SC1070(B) features high power gain, low 
noise, and excellent forward AGC characteristics in a tiny four- 
lead plastic package designed to realize easy and economical 


mounting. 







B ’ 
cs @ Packaged in tiny plastic mold package. 


@ Easy & economical mounting realizable with 
plastic mold package. 


@ Forward AGC characteristic. 


toss @ Balanced base. 


MARKING | 


10.0MIN. 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Z Collector to Base Voltage Vcso 30 Vv 
i S Collector to Emitter Voltage Vee 25 Vv 
— Emitter to Base Voltage VeBo 4.0 V 

1. Base Collector Current lc 20 mA 

7 aa Total Power Dissipation Pr 200 mW 

soe eheaes Junction Temperature T; 125 °C 

Storage Temperature Tstg -55 to +125 °C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


ee oe ea oe 
oa [| wk | Vep=tve-o SY 
DC Current Gain hee —— VceE = 10V, ae =3.0mMA 
Gain Bandwidth Product fT EY VcE =10V, Ig =-3.0mA 
Power Gain Gpb | 4 | |] eB] Veep =10V, te =~ 3.0mA, f = 900MHz 


* lacc Classification L: -8,0 — -10,0mA, K: -9.0 — -11,.0mA 























2SC1070(B) 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


Pr—Total Power Dissipation —mW 


lc —Collector Current —mA 


C.» —Output Capacitance —pF 








TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


B PWB 
Size 
Cc 196 X 51 X 1.5mm 
B 























Ta—Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 














Vce—Collector to Emitter Voltage—V 


OUTPUT CAPACITANCE vs, 
COLLECTOR TO BASE VOLTAGE 




































































1 
01 02 #O5 10 20 50 10 20 50 
Vep—Collector to Base Voltage—V 


he 


fr—Gain Bandwidth Product —MHz 


e—DC Current Gain 


NEC tictron vevice 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 














lc—Collector Current —mA 
































0.5 0.6 0. 09 10 
Vpe—Base to Emitter Voltage—V 


DC CURRENT GAIN vs, 
COLLECTOR CURRENT 















































0.1 02 05 #10 20 50 10 20 50 
lc —Collector Current ~mA 


GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 





















































01 02 05 10 20 50 10 20 50 
le—Emitter Current —mA 


NEC ttectron vevice 2SC1070(B) 


TYPICAL CHARACTERISTICS of “Y” PARAMETERS 


INPUT ADMITTANCE (Vib) FORWARD TRANSFER ADMITTANCE (Yfb) 


























vs. FREQUENCY vs. FREQUENCY 
Bin —Input Conductance — mvs | 
20 40 60 80 100 Ee we 
ee a ' 
Yib =Bib + jbin ————— , 
o 
Pe: | : 
it i 
re) 8 
e a 
! i 3 
: i é 
$ £ 
7) 2 
‘ 5 
2 re 
- | 
2 Ytb= gto jbto || s 
Veg=10V _ 
70 —60 —50 -40 —30 —20 -10 0 10 20 30 
gi» — Forward Transfer Conductance —m0 
REVERSE TRANSFER ADMITTANCE (Yrb) OUTPUT ADMITTANCE (Yob) 
vs, FREQUENCY vs. FREQUENCY 


rh —Reverse Transfer Conductance — mg 
Yob= Bob + idob 


: I= 10mA 
Yro=S eb tijden 
Vcp=10V 





bop — Output Susceptance—md 














bys —Reverse Transfer Susceptance —md 





&.,»p —Output Conductance —md 





NOISE FIGURE, POWER GAIN S9O0O0MHZz Gop & NF Test Circuit 
vs. COLLECTOR CURRENT 
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NEC etectron oevice 


2SC1070(B) 


$12p vs. f 


Satp vs. f 








, S29 vs. f 


S41 vs. f 








NPN SILICON TRANSISTORS 


2SC1070(1), 2SC1070(2) 





NEC 


ELECTRON DEVICE 











DESCRIPTION The 2SC1070(1) is specifically designed for UHF RF amplifier 
applications. The 2SC1070(2) is specifically designed for UHF PACKAGE DIMENSIONS 
mixer applications. They feature high power gain, low noise in millimeters {inches} 
figure and excellent forward AGC characteristics in a tiny four- s 
lead plastic package. 3 
as) 
FEATURES © Low NF high Gop. = 


NF=2.8 dB TYP. Gop= 18 dB TYP. (f=900 MHz) 
@ Forward AGC characteristic. 
@ Balanced base. 


10.0 MIN. 
(0.394 MIN.) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature............ 
Junction Temperature ......... 
Maximum Power Dissipation (Ta=25 °C) 


2.5 MAX. 
(0.098 MAX.) 





Total Power Dissipation. ............... 200 mW 

Maximum Voltages and Currents (Ta=25 °C) 
Vcso Collector to Base Voitage........ 30 V ei 
VcEO Collector to Emitter Voltage... ... 25 V . BASE 
Veso Emitter to Base Voitage......... 3.0 V en 
Ic Collector Current ............. 20 mA 
Ig Base Current ................ 10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


28C1070(1) 
N. TYP. MAX. MIN. 


28C1070(2) 


TYP. MAX, UNIT TEST CONDITIONS 


SYMBOL CHARACTERISTIC MI 


DC Current Gain VcE=10 V, Ic =3.0 mA 


£=200 MHz. 

Ig at gain reduction of 30 dB. 
VcE=10 V, [e=-3.0 mA 

Voe=10 V, f=1.0 MHz, te =0 
VcB=10 V, IE =—3.0 mA, f=900 MHz 
See Test Circuit 

Vop=10 V, |e =—3.0 mA, f=900 MHz 


Vcop=25 V, Ie=0 


AGC Current 


Gain Bandwidth Product 
Output Capacitance 


Power Gain 


Noise Figure 


Collector Cutoff Current 





28C1070(1) Classification of lacc 
freinal | -B0==10 [aa 


IAGC Test Conditions : !— for which Gob AGC=Gpp —30 dB 









28C1070(2) Classification of hre 


40 — 200 


Range 


hfe Test Conditions : Vcg=10 V, i¢=3.0 mA 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT v: COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 
10.0 EP a ) can 
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10 .1 100 
0.10.2 05 10 20 50 10 203050 0.102 051020 5010 20 50 —0.1-0.2 -0.5-1.0-—2.0 —5.0—10-20-30-50 
.l¢—Collector Current —mA Vcp—Collector to Base Voltage —V Ig ~ Emitter Current — mA 


TYPICAL CHARACTERISTICS of “Y” PARAMETERS 


INPUT ADMITTANCE (Yjp) FORWARD TRANSFER ADMITTANCE (Y¢p) Sea Cal TRANSFER ADMITTANCE (y,p) 
vs. FREQUENCY vs. FREQUENCY . FREQUENCY 


8ip — Input Conductance — mS 8rb — Reverse. Transfer Conductance — mS 
20 40 60 80. 100 120 -1.0>0.8 —0.6 -0.4 —0.2 


























bib — Input Susceptance — mS 





cae 
es 
“esr Heer 
100 LYCB=10V [i Tf 





bfb — Forward Transfer Susceptance — mS 


' 8{p — Forward Transfer Conductance — mS 


brb — Reverse Transfer Susceptance — mS 


2$C1070(1),28C1070(2) 


bob — Output Susceptance = mS 





OUTPUT ADMITTANCE (Yop) 
vs. FREQUENCY - 


Yob=8ob +t ibod 

















Bob — Output Conductance — mS 


Gpb; — Power Gain — dB 


NOISE FIGURE, POWER GAIN 








Ig — Emitter Current — mA 


TYPICAL CHARACTERISTICS of “S’ PARAMETERS 
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NEC trecrron vevice 





900 MHz Gop & NF Test Circuit 


0~20 pF 


OUTPUT 





—VEE Vog=10V 
(lg=-3.0mA) :25x5x0.5 mm 
(Cu) 


| Sgipl vs. FREQUENCY 


1S21b] 





f — Frequency — MHz 


LS,ap Vs. FREQUENCY 





2S12b — deg. 
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NEC NPN SILICON TRANSISTOR 
ELECTRON DEVICE 2SC1 222 


DESCRIPTION The 2SC1222 is designed for use in AF low noise amplifier of a 


high-class STEREO SET, RADIO and TAPE RECORDER. PACKAGE DIMENSIONS 
in millimeters (inches) 
FEATURES @ High hee and Excellent hee Linearity Ri 
0.21 : 
hee (Ic =0.5mA, Vee =3V) : 500 TYP. a“ 


heey (0.1mA) /hee2 (1.0mA) (VcE =3V) : 0.92 TYP. 
@ Low Noise Voltage 
NV : 22 mV TYP. 







5.5MAX. 
(0.216MAX.) 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) zz 
Maximum Temperatures ee a2 
Storage Temperature ............. -55 to +125°C 254 RS a 
Junction Temperature .......... +125°C Maximum oD a 
Maximum Power Dissipation (Ta = 25°C) on as 
Total Power Dissipation .............. 250 mW 2% 
Maximum Voltages and Currents Xe 
Vcpo Collector to Base Voltage ......... 60 V 1. EMITTER EIAJ :SC-43 
Vceo Collector to Emitter Voltage ....... 50 V =“ nee co oe 
Vego Emitter to Base Voltage .......... 5.0 V 
Ic Collector Current. ..............- 100 mA 
lB Base Current: a... ce do ew eee eae 20 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


SYMBOL CHARACTERISTIC . TEST CONDITIONS 


hFe4 DC Current Gain Vce=3.0V, Ic=0.1mMA 

hFE2 DC Current Gain VceE=3.0V, Ic=0.5mA 

NF4 Noise Figure R Vce=6.0V, Ic=0.3mMA, RG=10kQ, f=10Hz 
NF9 Noise Figure i i Vce=6.0V, Ic=0.3mA, RG=10k2, f=100Hz 
NV Noise Voltage See test circuit ~ 

IcBo Collector Cutoff Current Vcp=60V, Ie=0 


IcEO Collector Cutoff Current ‘ VcE=40V, Ip=0 

lEBO Emitter Cutoff Current Vep=5.0V, Ic=0 

VBE Base to Emitter Voltage B Vce=3.0V, Ic=0.5mA 

VCE (sat) Collector Saturation Voltage : Ic=100mA, igp=10mA 

VBE (sat) Base Saturation Voltage A Ic=100mA, tgp=10mA 

fr Gain Bandwidth Product Vce=6.0V, Ie=-1.0mA 
Cob Output Capacitance . . Vcp=6.0V, le=0, f=1.0MHz 





Classification of hee 


Tau [ [© | wv 


heE Test Conditions : Vcg = 3.0V, Ic = 0.5mA 


28SC1222 NEC ttectron oevice 


TYPICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 




































































































































































































































TOTAL POWER DISSIPATION NORMALIZED COLLECTOR CUTOFF COLLECTOR CURRENT vs. 
vs. AMBIENT TEMPERATURE CURRENT vs. AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 
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25 50 75 100 125 150 SI : : 5 i : 
Ta—Ambient Temperature —°C 22 0 20 ae bc Pie ean 140 160 ck Collector to: Emitter Voltage 
COLLECTOR CURRENT vs. DC CURRENT GAIN DC CURRENT GAIN 
COLLECTOR TO EMITTER VOLTAGE vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT 
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BASE TO EMITTER VOLTAGE VOLTAGE vs. COLLECTOR CURRENT vs. EMITTER CURRENT 
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Vcktsary Collector Saturation Voltage—V 






























































0 le—Emitter Current-—mA 


Vee—Base to Emitter Voltage—V 
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ELECTRON DEVICE 


INPUT AND OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 


Ci,—Input Capaditance—pF 
C.,—Output Capacitance—pF 
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Vren— Emitter to Base Voltage—V 
VcB—Collector to Base Voltage—-V 


NORMALIZED h-PARAMETERS 
vs. COLLECTOR CURRENT 





Vce=6.0V 
f=1.0kHz 
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H.—Normalized h- Parameters 
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NOISE FIGURE MAP 1 
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l¢—Collector Current-mA 





SMALL SIGNAL CURRENT GAIN 
vs. DC CURRENT GAIN 
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hre— Small Signal Current Gain 
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hre—-DC Current Gain 


NORMALIZED h-PARAMETERS vs. 
COLLECTOR TO EMITTER VOLTAGE 
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f=1.0kHz 
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H.—Normalized h~- Parameters 





























Vce-Collector to Emitter Voltage—V 


NOISE FIGURE MAP 2 


Ro—Source Resistance— 
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2801222 


INPUT IMPEDANCE, VOLTAGE FEEDBACK 
RATIO AND OUTPUT ADMITTANCE vs. 
SMALL SIGNAL CURRENT GAIN 


1 =1.0mA 
{=1.0kHz 
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E, AND I, vs. COLLECTOR CURRENT 


Ver=60V 
50 ASt=10Hz 1 ene ai 
nee aaa i 
na x . iY 
Fy :23a.18 +a K) 4 BE 
tly 
We 


f ae 
Sih { et 

* 2 tt i 
id: Coal 














s88 82 





+ 
5 i 

















3 








en 


wn 
o 
ry 





10H) 


2 
7 

<4 om 
te 


yp TLV door Ad: 
kHz: 
10kHz 








—- 








Ea~Noise Voltage—nV/VHz 
é Ss 
In-Noise Current —pA/ /Hz 


9 
tn 
= 
aR 























a 4 | { 


0.01 0.02 1.601 02°05 [2 $5 10 
lc- Collector Current —mA 























es 
are 
2s 
2s 





NOISE FIGURE MAP 3 
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2801222 NEC etctron vevice 


VOLTAGE GAIN vs. FREQUENCY _ NOISE VOLTAGE TEST CIRCUIT 
ae 
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NEC 


ELECTRON DEVICE 


NPN SILICON TRANSISTOR 


2SC12799 


DESCRIPTION The 2SC1279© is designed for use high voltage switching ap- 


plication. PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 





FEATURES ® High Breakdown Voltage BVcgo: 180 V (0.204 MAX.) 
ABSOLUTE MAXIMUM RATINGS x 
< 
Maximum Temperatures = 
Storage Temperature............ —55 to +125 °C “3 
Junction Temperature .......... 125 °C Maximum 


Maximum Power Dissipation (Ta = 25 °C) 


12.7 MIN. 
(0.5 MIN.) 


Total Power Dissipation. .............0. 250 mW 
Maximum Voltages and Current (Ta = 25 °C) 
Vcso Collector to Base Voltage ........ 180 V 


< x 

“Vee: Collector to Emitter Voltage...... 160 V $ 2 

VeBo Emitter to Base Voltage. ........ 5.0 V 3 s 
Io Collector Current ............. 50 mA 


1. EMITTER BIAJ 
. 2. COLLECTOR JEDEC : 
3. BASE EC 





ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC : . : TEST CONDITIONS 


fr Gain Bandwidth Product Voce 710 V, Ile=-10 mA 
Cob Output Capacitance p Vcop=10 V, Ie=0, f= 1.0 MHz 
heed DC Current Gain VcE=3.0 V, Io =1.0 mA 
hee? DC Current Gain VcE=3.0 V, Ic=15 mA 

VCE (sat) | Collector Saturation Voitage . ic=10 mA, lp=1.0 mA 

VBE (sat) Base Saturation Voltage Ic=10 mA, lgp=1.0mA 

IcBO Collector Cutoff Current : VcB= 100 V, IE=0 

lEBO Emitter Cutoff Current F Vep=5.0 V, Ic=0 





Classification of hreg 





Test Conditions: VcE=3.0 V, Ic=15 mA 








2SC1 2799 NEC trectron oevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 

























































































































COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
es 
‘ : qo 
E : & 
3 é 5 L— 
5 5 3 4c 
= 3 3 “To 
8 x) = oma 
br S& 4 
o I | = 
& x) Be FS 
0° 120 160 200 
Vee — Base to Emitter Voltage — V VcE — Collector to Emitter Voltage —V VcE — Collector to Emitter Voltage —V 
OC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION GAIN BANDWIOTH PRODUCT vs. 
COLLECTOR CURRENT = yer elaine vs. COLLECTOR CURRENT EMITTER CURRENT 
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INPUT AND OUTPUT CAPACITANCE vs. 
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Vcp — Collector to Base Voltage — V 
Veg — Emitter to Base Voltage — V 


NEC SILICON TRANSISTORS 


ELECTRON DEVICE 2S$C1393,28SC1394 


NPN SILICON EPITAXIAL TRANSISTOR 
2SC1393 : VHF RF AMPLIFIER 
2SC1394 : VHF MIXER 

FOR TV TUNER 





PACKAGE DIMENSIONS FEATURES 
aeyeeny © Low NF high Gpe. 
NF =2.0dB TYP. Gpe=24dB TYP. (f = 200MHz) 
@ Forward AGC capability to 30cB. 
@ Low feedback capacity. C,.=0.35pF TYP. 





ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 














Collector to Base Voltage VcBo 30 Vv 
Collector to Emitter Voltage. Vceo 30 Vv 
Emitter to Base Voltage VEBO 5.0 Vv 
Collector Current (DC) Ic 20 mA 
Total Power Dissipation Pr 250 mw 
1. Base Junction Temperature Tj 125 °C 
2. Emitter ° 
3. Collector Storage Temperature Tstg -55 to +125 c 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


Collector Cutoff Current : : LA Vcp=20V, IE =0 

DC Current Gain 
MHz 
pF 























Gain Bandwidth Product Vce =10V, IE =-3.0mA 








Feed-back Capacitance : z | pF | f=1.0MHz, Vcg=10V, ip =0 
Power Gain f=200MHz, Ic =3.0mMA 


f=200MHz, 
AGC Current | lg at gain reduction of 30dB. 


Noise Figure . 2 : f=200MHz, Ic =3.0mA 


hee Classification 
M: 40-80 L:60-—120 K:90— 180 



































28C1393,2SC1394 NEC ettectron pevice 


TYPICAL CHARACTERISTICS (Ta=25°C) 


COLLECTOR CURRENT vs. ; COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 


oat Tt 
oe a 


= 20 








16 





16 9.\% 
es 
pS 


ae 
0.08 
os ae 














ee 
N 
NY 
XX 
VANS 












ic —Collector Current —mA 
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COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
BASE TO EMITTER VOLTAGE COLLECTOR CURRENT 
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I¢ —Collector Current —mA 
hfe —DC Current Gain 












































VBE —Base to Emitter Voltage—V 


I¢ —Collector Current—mA 


FEED-BACK CAPACITANCE vs. GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR TO BASE VOLTAGE EMITTER CURRENT 
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Cre- Feed-back Capacitance— pF 
ft —Gain Bandwidth Product —MHz 




















aot —0.2 —0.4 —06 —1.0 —2.0 —40-60 —-10 
Vcp—Collector to Base Voltage—V IE —Emitter Current—mA 


NEC ttectron vevice 2S8C1393,2SC1394 


NOISE FIGURE vs. 
EMITTER CURRENT 
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Rg=502 
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{e —Emitter Current—mA 
INPUT ADMITTANCE (yjg) vs. REVERSE TRANSFER ADMITTANCE (yre¢) vs. 
FREQUENCY FREQUENCY 



































bje—input Susceptance — md 




















bre—Reverse Transfer Susceptance—mU 









































1.0 
0 20 40 60 80 100 —-0.15 —01 —0.05 0 0.05 0.1 
Bie —Input Conductance—m@ Bre—Reverse Transfer Conductance—m6 
FORWARD TRANSFER ADMITTANCE (y¢Q) vs. OUTPUT ADMITTANCE (yo¢) vs. 
FREQUENCY FREQUENCY 


Yte= Ste + ibfe 
VcE = 10V 









































boe—Output Susceptance—md 























bfe—Forward Transfer Susceptance—m& 
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. Zoe Output Conductance—mob 
8fe—Forward Transfer Conductance—m@6 


28$C1393,2SC1394 NEC tectron vevice 


Gpe— Power Gain—dB 


NF —Noise Figure —dB 























POWER GAIN AND NOISE FIGURE POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
vs. COLLECTOR CURRENT f=200MHz, B.W=6.0MHz 
25 
G = 
Vo =10V 
15 Re =270Q OUTPUT 
INPUT 0.01uF 
10 : 
5 
0 
3.35 } x RFC 
NF  f =200MHz 
—10 Vo = 10V 
Rg=50Q 
ag 2 4 6 8 10 





I¢ —Collector Current—mA 
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NEC NPN SILICON TRANSISTOR 
ELECTRON DEVICE 2 S C1 399 


DESCRIPTION The 2SC1399 is designed for use in driver stage of AF amplifier, 













and low speed swiching. PACKAGE DIMENSIONS 
in millimeters (inches) 
FEATURES ® High Voltage RDA, 
Vceo : gov (0.204 MAX.) 
@ High hee and Excellent hee Linearit 
ig FE FE Y —— 
hee (lc =0.5 mA, Voce =3 V) : 600 TYP. 3 
<< 
hee, (0.1 mA)/hee2 (1.0 mMA)(Vc—E =3 V) =: 0.92 TYP. ae 
ABSOLUTE MAXIMUM RATINGS 1 © 
0.45 
Maximum Temperatures oo) |Z 
Storage Temperature ............ —55 to +125 °C oi Ra 
< |AsS 
Junction Temperature ........... +125 °C Maximum 254 Same 
; ° 0.10, nrg 
Maximum Power Dissipation (Ta=25 C) o Ss 
Total Power Dissipation ..............-. 250 mW (0.08) ~2 
= 
Maximum Voltages and Currents (Ta=25 °C) . 2 
Vcso Collector to Base Voltage .......... 100 V SO neces 
Vceo Collector to Emitter Voltage ........ 80 V 1. EMITTER EIAJ :SC-43 
: 2. COLLECTOR JEDEC : TO-92 
Vepo Emitter to Base Voltage ........... 5.0 V 3. BASE IEC: PA33 
Ic Collector Current ............---- 50 mA 
Ip Base Current ..............0-00- 10 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC ‘ : TEST CONDITIONS 


DC Current Gain VcE=3.0 V, Ic¢=0.1 mA 
DC Current Gain 225 600 VcE=3.0 V, Ic=0.5 mA 
Noise Figure Vce=6.0 V, Ic=0.3 MA, RG=2.0 kQ, f=100 Hz 
Gain Bandwidth Product 50 100 Vce=6.0 V, Ip=—1.0 mA 
Collector to Base Capacitance 2.7 5 Vcp=6.0 V, le=0, f=1.0 MHz 
IcBo Collector Cutoff Current Vcp=100 V, Ie=0 
IcCEO Collector Cutoff Current . Vce=60 V, Ip=0 
lEBO Emitter Cutoff Current VeB=5.0 V, Ic=0 
VCE(sat) Collector Saturation Voltage . 1¢=50 mA, 1p=5.0 mA 
VBE(sat) Base Saturation Voltage . 1c=50 mA, Ip=5.0 mA 





Classification of hre2 











(ees uote J. Ue 
| 225 — 450 | 350 — 700 | 500 — 1000 


hee Test Conditions : Vcg =3.0 V, Ic =0.5 mA 


2S8C1399 NEC aectron vevice 


TYPICAL CHARACTERISTICS (Ta=25 °€ unless otherwise noted) 


TOTAL POWER DISSIPATION NORMALIZED COLLECTOR CUTOFF COLLECTOR CURRENT 
vs. AMBIENT TEMPERATURE CURRENT vs. AMBIENT TEMPERATURE vs. COLLECTOR TO EMITTER VOLTAGE 



































rae —Normalized Collector Cutoff Current 





Py7—Total Power Dissipation— mW 
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Ta~ Ambient Temperature—°C Vcoe—Collector to Emitter Voltage—V 
COLLECTOR CURRENT DC CURRENT GAIN DC CURRENT GAIN 
vs. COLLECTOR TO EMITTER VOLTAGE vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT 
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VBE (sat) — Base Saturation Voltage—V 
VCE (sat) — Collector Saturation Voltage—V 
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Vee — Base to Emitter Voltage—V 


Cip— Emitter to Base Capacitance— pF 


N. EF Cc ELECTRON DEVICE 


COLLECTOR TO BASE AND 


EMITTER TO BASE CAPACITANCE 
vs. 
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REVERSE VOLTAGE 
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Cop—Collector to Base Capacitance—pF 


He—Normalized h-Parameters 
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Vep—Emitter to Base Voltage—V 
Vep—Collector to Base Voltage—V 


NORMALIZED h-PARAMETERS 
vs. COLLECTOR CURRENT 


VcE=6.0 V 
f=1.0 kHz 

a he(Ic) 
He=helic=1.0 mA) 






































I¢—Collector Current— mA 


SMALL SIGNAL CURRENT GAIN 
vs. OC CURRENT GAIN 
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2SC1399 


INPUT IMPEDANCE, VOLTAGE 
FEEDBACK RATIO AND OUTPUT 
ADMITTANCE vs. SMALL SIGNAL 
CURRENT GAIN 


VCE =6.0 V 
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hie— Input Impedance—kQ 


rons 
Oo 
— 
o 





hoe Output Admittance— Ss 





hfe =Smalt Signal Current Gain 























hre—Voltage Feedback Ratio— x 107! 








He—Normalized h-Parameters 
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NORMALIZED h-PARAMETERS 
vs. COLLECTOR TO EMITTER 
VOLTAGE 


[TT TTT TT Jic=10 ma 
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ELECTRON DEVICE 


DESCRIPTION 
high-class STEREO SET. 


FEATURES ®@ High Voltage 
® High hee and excellent hee linearity. 


hee (lc =0.5 mA)(Vcg =3 V) 


hee; (0.1 mMA)/heE2 (1.0 MA)(VceE =3 V) : 0.92 TYP. 


@ Low noise voltage 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ........... 


Junction Temperature .... . se feb od wes 


Maximum Power Dissipation (Ta=25 °C) 


Total Power Dissipation ......... 
Maximum Voltages and Currents (Ta=25 °C) 
Vcpo Collector to Base Voltage ... 
Vceo Collector to Emitter Voltage 


Veso Emitter to Base Voltage ..... 
Ic Collector Current ......... 


Ip Base Current ............ 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC 


DC Current Gain 

DC Current Gain 
NF4 Noise Figure 
NF Noise Figure 
NV Noise Voltage 
fT ; Gain Bandwidth Product 
Cob Output Capacitance 
ICBO Collector Cutoff Current 
IcEO Collector Cutoff Current 
lEBO Emitter Cutoff Current 
VBE Base to Emitter Voltage 


VCE(sat) 
VBE(sat) 


Collector Saturation Voltage 
Base Saturation Voltage 


Classification of hee 


| Rank | E 
225-450 | 350-700 | 500 —1000 


hee Test Conditions : VcE =3.0 V, Ic =0.5 mA 











NPN SILICON TRANSISTOR 


2SC 1400 


The 2SC1400 is designed for use in AF low noise amplifier of a 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


80 V 


: 600 TYP. 







9 > 
<s 
| 22 mV TYP. 26 
oN 
S 
° a8 
... 755 to +125 C as 
‘ ; 2.54 
+125 “C Maximum (0.10) 
1.27 
(0.05) ai 
; >< 
ere 250 mW eee 23 
xn 8 
to 
Ss 
Bese 100 V 
1. EMITTER EIAJ :SC-43 
Sear ee 80 V 2. COLLECTOR JEDEC : TO-92 
slo fines 5.0 V 3. BASE 1EC : PA33 
det sats 50 mA 
Us cat ia tah tablets 10 mA 


TEST CONDITIONS 
VcE=3.0 V, Ic=0.1 MA 
VcE=3.0 V, Ic=0.5 mA 
Vce=6.0 V, Ic=0.3 MA, Rg=10 kQ, f=10 Hz 
Vce=6.0 V, Ic=0.3 MA, Rg=10 kQ, f=100 Hz 
See test circuit 
Vce=6.0 V, le=—1.0 mA 
Vcp=6.0 V, le=0, f=1.0 MHz 
Vcp=100 V, Ie=0 
Vce=60 V, Ig=0 
Vep=5.0 V, Ic=0 
VceE=3.0 V, Ic=0.5 mA 
1¢=50 mA, Ip=5.0 mA 
Ic=50 mA, 1p=5.0 mA 


2SC1400 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 
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Ta—Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





Ic —Collector Current—mA 
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Voce —Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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Ic —Collector Current—mA 
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VBE —Base to Emitter Voltage—V 


Icpo(Ta °C) 


© —Normalized Collector Cutoff Current 


NORMALIZED COLLECTOR CUTOFF 
CURRENT vs. AMBIENT TEMPERATURE 
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DC CURRENT GAIN 
vs. COLLECTOR CURRENT 


tT TTT Estat Pusec 
eat eee aA 
| 









8 







| Jo ET LI 
HTH Voe=60 Vv 
ahi email Nene 

ae I! \ 

einen 
PU CT CT VN: 

Ti Ti TAS 
POT TE Ta 
Pott | tae Tn 
och LTT ACT 
Ba WM TTT PTET A W2 






8 






















hee —~DC Current Gain 






























oe Ml 
A a 
oo TN v 
On 
of LCT 
0.01 0.02 0.050.102 05 1 2 5 1020 50100 


I¢—Collector Current—mA 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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Voce —Collector to Emitter Voltage—V 


DC CURRENT GAIN 
vs. COLLECTOR CURRENT 
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GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 
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Ie —Emitter Current— mA 


Cip— Input Capacitance — pF 


OUTPUT AND INPUT CAPACITANCE 
vs. REVERSE VOLTAGE 
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Vcp—Collector to Base Voltage —V 


NORMALIZED h-PARAMETERS 
vs, COLLECTOR CURRENT 


Voce =6.0 V 


f=1.0 kHz 
5 5 mi ae = he(lc) 
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NOISE FIGURE MAP 1 
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Rg—Source Resistance—Q 
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SMALL SIGNAL CURRENT GAIN 
vs. DC CURRENT GAIN 


=60V 
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NORMALIZED h-PARAMETERS vs . 
COLLECTOR TO EMITTER VOLTAGE 
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Vege —Collector to Emitter Voltage—V 


NOISE FIGURE MAP 2 


Voe=6.0 V 


N 
NN! 


SONy SPSS 

OSGI A RNIN 
‘ SINS 
PAIN SNH 


Rg—Source Resistance —Q 














100 
0,010.02 0.050102 05 ! 2 
I¢—Collector Current—mA 


5 10 


Nog — Output Admittance — uS 


28C1400 


INPUT IMPEDANCE, VOLTAGE FEEDBACK 
RATIO AND OUTPUT ADMITTANCE 
vs. SMALL SIGNAL CURRENT GAIN 
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NOISE FIGURE MAP 3 
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Gy—Voltage Gain—dB 


VOLTAGE GAIN vs. FREQUENCY 
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f— Frequency —Hz 


NOISE VOLTAGE TEST CIRCUIT 








Gy =80 dB 
(at f=1.0 kHz) 
Voe=3 V,Ic¢=0.1 mA,Rg=25 kQ,Gy=80 dB(at f=1 kHz)RIAA 
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ELECTRON DEVICE 





NEC NPN SILICON TRANSISTOR 
ea 2SC1674 


: ; : fi d 
DESCRIPTION The 2801674 is designed for use in FM RF amplifier an PACKAGE DIMENSIONS 
local oscillator of FM tuner. in milljimetare (inches) 
5.2 MAX. 
FEATURES @ High gain bandwidth product (f; =600 MHz TYP.) (0.204 MAX.) 


@ Smail output capacitance (Co, = 1.0 pF TYP.) 
® Low noise figure (NF =3.0 dB TYP. @100 MHz) 






5.5 MAX 
(0.216 MAX.) 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature. ......... —55 to +125 °C gz 
Junction Temperature ........ +125 °C Maximum a3 
Maximum Power Dissipation (Ta=25 °C) Gio) 
Total Power Dissipation. ........... 250 mW 127 
Maximum Voltages and Currents (Ta=25 °C) (0.05) 3S 
Vcso Collector to Base Voltage ..... om OM == 
VcEO Collector to Emitter Voltage .... 20 Vv Peal 
VesO Emitter to Base Voltage. ...... 40 v 1.EMITTER eiAu:- 2eea4 
Ic Collector Current. .....-... . 20 mA 2.COLLECTOR JEDEC : TO-92 
3. BASE IEC: PAS3 
IB Base Current ............-. 20 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 

hee DC Current Gain 40 90 180 _ Vce =6.0 V, Ic =1.0 mA 

Cob Output Capacitance 1.0 1.3 pF Vcp =6.0 V, IE =0, f= 1.0 MHz 

NE Noise Figure 3.0 5.0 dB VceE=6.0 V, !E=—1.0 MA, Rg =50 2, f=100 MHz 


See test circuit 
fT Gain Bandwidth Product 400 600 MHz Vce=6.0V, le=—1.0 mA 
VceE=6.0 V, IE=-1.0 mA, Rg =50 2; f=100 MHz 





Gpe Power Gain 18 22 dB See test circuit 

Ce-rb’b Collector to Base Time Constant 12 15 ps VceE =6.0 V, IlE=—1.0 mA, f=31.9 MHz 
IcBo Collector Cutoff Current 100 nA Vcp=30 V, ie=0 

leBo Emitter Cutoff Current 100 nA VeEB=4.0 V, Ic=0 

VBE Base to Emitter Voitage 0.72 Vv VceE=6.0 V, Ic¢=1.0 mA 

VCE(sat> Collector Saturation Voltage 0.1 0.3 Vv I¢=10 mA, Ip=1.0 mA 


Classification of hfe 


Rank M L K 
Range 60 — 120 90— 180 


hee Test Conditions : VcE =6.0 V, Ic=1.0 mA 
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2S8SC1674 NEC sectron oevice 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 












































































































































P+—Total Power Dissipation—mW 























TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 
300 
Free Air 
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Ta—Ambient Temperature —°C Voce —Collector to Emitter Voltage—V 
0 02 04 O06 O8 10 12 
Vee —Base to Emitter Voltage—V 
DC CURRENT GAIN vs, DC CURRENT GAIN vs. COLLECTOR GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT TO EMITTER VOLTAGE EMITTER CURRENT 



































hee —DC Current Gain 
f7 —Gain Bandwidth Product —MHz 
















































































































































































0102 05 1 2 5 10 2 -0.1-02 -05-1 -2 -5-10-20 -50-100 
I¢— Collector Current—mA Vce—Collector to Emitter Voltage—V lp —Emitter Current—maA 


INPUT CAPACITANCE vs. EMITTER TO 
BASE AND COLLECTOR SATURATION BASE VOLTAGE, OUTPUT CAPACITANCE COLLECTOR TO BASE TIME CONSTANT 
VOLTAGE vs, COLLECTOR CURRENT vs. COLLECTOR TO BASE VOLTAGE vs. EMITTER CURRENT 
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Cob— Output Capacitance — pF 
Cip —!nput Capacitance — pF 



































































































































VCE(sat)— Collector Saturation Voltage —V 


VBE(sat)— Base Saturation Voltage —V 
Co*rbyp—Collector to Base Time Constant—ps 


, 0.1 1 
0102 05 1 2 5 10 20 0.1.02 05 1 2 #5 10 20 50 -0.1 -03 -1 -3 -10-20 
Vcg—Collector to Base Voltage—V le —Emitter Current—mA 
Ico — Collector Current—mA Vep—Emitter to Base Voltage—V 
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NEC tuctron pevice 


INPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
























































Zje—lnput Conductance —mS 
bie —Input Susceptance — mS 
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OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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I¢—Collector Current—mA 


FORWARD TRANSFER ADMITTANCE 
vs. COLLECTOR CURRENT 


Et Vop=6.0 V 
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pH output short 
rT i iii 
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bf )—Forward Transfer Susceptance —mS 
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REVERSE TRANSFER ADMITTANCE 
vs. COLLECTOR CURRENT 
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I¢—Collector Current—mA 


INPUT ADMITTANCE vs. COLLECTOR 
CURRENT 






Zib —Input Conductance —mS 
bjp—input Susceptance —mS 
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INPUT ADMITTANCE vs. FREQUENCY 
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8ie— Input Conductance —mS 
bje— Input Susceptance—mS 
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FORWARD TRANSFER AOMITTANCE 
vs. COLLECTOR CURRENT 
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i¢—Collector Current—mA 


REVERSE TRANSFER AOMITTANCE 
vs. COLLECTOR CURRENT 








H Vop=60 V 
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&rb— Reverse Transfer Conductance —mS 
brh— Reverse Transfer Susceptance—mS 
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I¢~—Collector Current —mA 


REVERSE TRANSFER ADMITTANCE 
vs. FREQUENCY 
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2SC1674 NEC tctron vevice 


FORWARD TRANSFER ADMITTANCE OUTPUT ADMITTANCE POWER GAIN, NOISE FIGURE 
vs. FREQUENCY vs. FREQUENCY vs. EMITTER CURRENT 

H Vop = 6.0 Vv 
lo=1.0 mA 
input short 























NF —Noise Figure—dB 





Gpe —Power Gain—dB 








8oe— Output Conductance —mS 
boe— Output Susceptance — mS 
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NEC NPN SILICON TRANSISTOR 












™ ‘i 2SC1675 
DESCR is desi f in AM converter, AM/FM . 
SCRIPTION The aob101° is designed for use in conve PACKAGE DIMENSIONS 
IF amplifier and local oscillator of AM/FM tuner. inv crilliriéters: liiches) 
5.2 MAX. 
(0.204 MAX.) 
FEATURES @ Small output capacitance (C,, = 1.9 pF TYP.) 
®@ Low noise figure (NF = 2.0 dB TYP. @1.0 MHz) h tze 
xz 
s= 
1 2 
ABSOLUTE MAXIMUM RATINGS “3 
Maximum Temperatures 0.45 we 
Storage Temperature.......... —55 to +125 °C = = 
Junction Temperature ........ +125 °C Maximum ag 
Maximum Power Dissipation (Ta=25 °C) rae 
Total Power Dissipation ............ 250 mW 1.27 
Maximum Voltages and Currents (Ta=25 °C) (0.05) xz 
Vcpo Collector to Base Voltage ....... 50 V zo 
Vceo Collector to Emitter Voltage ..... 30 V “3 
Vespo Emitter to Base Voltage ........ 5.0 V EMER eins 2G0as 
Ic Collector Current... ......... 30 mA 2. COLLECTOR JEDEC: TO-92 


: PA33 
Ig Base Current ...........00. 30 mA 3. BASE ce e 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC | - TYP, MAX. — UNIT TEST CONDITIONS 


hre DC Current Gain 90 VceE=6.0 V, Ic=1.0 mA 

Cob Output Capacitance 1.9 F Vcp=6.0 V, le=0, f=1.0 MHz 

NF Noise Figure 2.0 7 Vce=6.0 V, le=-1.0 mA, RG=500 Q, f=1.0 MHz 
as Gain Bandwidth Product 150 250 VceE=6.0 V, IE=-1.0 mA 

Ce'Th'b Collector to Base Time Constant 10 VceE=6.0 V, Ile=—10 mA, f=31.9 MHz 

IcBo Collector Cutoff Current Vcp=50 V, le=0 


leEBO Emitter Cutoff Current VeBp=5.0 V, ic=0 
VBE Base to Emitter Voltage 0.65 0.70 VceE=6.0 V, Ic=1.0 mA 
VCE (sat) Collector Saturation Voltage 0.08 i I¢=10 mA, Igp=1.0 mA 





Classification of hee 
Se 
[rere [40-00 | e0-120 | so-100 | 


hee Test Conditions : VcE =6.0 V, Ic =1.0 mA 


410A 


*CE(sat)— Vunector Saturation, Voltage —V 


2$C1675 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 




































































































































































TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 
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i¢ —Collector Current—mA Voce —Collector to Emitter Voltage—V 


INPUT CAPACITANCE vs. EMITTER TO 
BASE AND COLLECTOR SATURATION BASE VOLTAGE, OUTPUT CAPACITANCE 




























































































VOLTAGE vs. COLLECTOR CURRENT vs. COLLECTOR TO BASE VOLTAGE 
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COLLECTOR CURRENT vs. 
BASE TOEMITTER VOLTAGE 
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GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 
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INPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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INPUT AOMITTANCE 
vs. COLLECTOR CURRENT 






































i 

g 

€ 

o 

3 

a 

8 

o Hn 

a A TT 
1 mnaiiiamnatii 


02 05 1 2° #«5 #10 2 
\¢—Collector Current—mA 








&re— Reverse Transfer Conductance—mS 
bre—Reverse Transfer Susceptance — oe 





&th—Forward Transfer Conductance—mS 
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FORWARD TRANSFER DONTET ANCE 
vs. COLLECTOR CURRENT 
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FORWARD TRANSFER ADMITTANCE 


vs. COLLECTOR CURRENT 
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REVERSE TRANSFER ADMITTANCE 
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NEC 


ELECTRON DEVICE 


SILICON TRANSISTOR 
2SC1730 


UHF/VHF OSCILLATOR AND VHF MIXER 
NPN SILICON EPITAXIAL TRANSISTOR 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2MAX. 
(0.204MAX. ) 


: 


5.5MAX 
(0.216MAX.) 













(0. : 
14MIN. 
Ni 551MiN.) 


4.2MAX. 
(0.165MAX.) 





1, Emitter EIAJ : $C-43 
2. Coliector JEDEC : TO-92 
3. Base iEC > PA33 





DESCRIPTION 


The 2SC1730 is an NPN silicon epitaxial transistor intended for use 
as VHF and UHF oscillators and a VHF mixer in a tuner of a TV 
receiver. 

The device features stable oscillation and smail frequency drift against 


any change of the supply voitage and the ambient temperature. 


FEATURES 


® High Gain Bandwidth Product; fr = 1100MHz TYP. 
@ Low Collector to Base Time Constant; C,-rp:, = 10ps TYP. 
@ Low Output Capacitance; Cop = 1.5pF MAX. 


ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 


Maximum Voltages and Current 


Collector to Base Voltage Vcso 30V 

Collector to Emitter Voltage VcEO 15V 

Emitter to Base Voltage Veso 5.0V 

Collector Current Ic 50mA 
Maximum Power Dissipation 

Total Power Dissipation Pr 250mW 
Maximum Temperatures 

Junction Temperature T; 125°C 

Storage Temperature Tstg -55 to +125°C 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


































































CHARACTERISTIC SYMBOL TEST CONDITIONS 
Collector Cutoff Current lcBo BMA Veep = 12V, Ip =0 
1 ns | 
DC Current Gain hee 40 100 180 Vee = 10V, Ie = 5.0mMA 
| en Ms ve 
Collector Saturation Voltage VCE (sat) of | if 0.5 a Vv lc = 10mA, Ig = 1.0mMA 
fo 
[ Gain Bandwidth Product fr 800 1100 MHz Vee = 10V, le =-5.0mMA 
is Vep= 10V, le =O 
Output Capacitance Cob 1.5 pF f= 1.0MHz 
—_ — as i 
. Te Vce=10V, lp =-5.0mMA | 
Collector to Base Time Constant | Ce-‘lb’b 10 15 ps f= 31.9MHz 
gla a be =] eet Fe el 
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2SC1 730 ; IW EG ELECTRON Device 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 
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Vee—Base to Emitter Voltage—V 


COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
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OUTPUT CAPACITANCE vs, 
COLLECTOR TO BASE VOLTAGE 


Cov —-Output Capacitance — pF 
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BN ey CLEC HUN DEVICE 


GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 
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REVERSE TRANSFER ADMITTANCE (yrb) OUTPUT ADMITTANCE (yop) 
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NEC 


ELECTRON DEVICE 


DESCRIPTION 
speed switching. 


FEATURES @ High hee 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ........... 
Junction Temperature .......... 
Maximum Power Dissipation (Ta=25 °C) 
Total Power Dissipation ......... 
Maximum Voltages and Currents (Ta=25 °C) 
VcsBo Collector to Base Voltage 
VCEO Collector to Emitter Voltage 
VEBO Emitter to Base Voltage 
Ic 
IB 


Collector Current 


Base Current 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC 


DC Current Gain 

DC Current Gain 

Gain Bandwidth Product 
Output Capacitance 
Collector Cutoff Current 
Collector Cutoff Current 
Emitter Cutoff Current 


ICBO 
ICEO 
\EBO 
VBE 
VCE(sat) 
VBE (sat) 


Base to Emitter Voltage 
Collector Saturation Voltage 
Base Saturation Voltage 


sek Siena 
300 — 600 | 400 — 800 


hfe Test Conditions : Vce =6.0 V, ic =1.0 mA 


Classification of hee 
Rank P 
200 — 400 





Range 





200 


hee : 400 TYP. (Vee = 





NPN SILICON TRANSISTOR 


2SC1840 


The 2SC1840 is designed for use in AF amplifier, driver and low 


PACKAGE DIMENSIONS 


in millimeters (inches) 















a 5.2 MAX. 
6.0 V, Ic “ mA) (0.204 MAX.) 
———> 
23 
mf 
. . ~55 to +125 °C °38 
+125 °C Maximum 
cae 500 mW Sg 
2.54 tt 
(0.10) 
1.27 
acute 40 V he o 
Seah hes 35 V 23 
5 ita 2 5.0 V oe 
ae 
afar ae 100 mA 
soitig faneks 20 mA 1, EMITTER EIAJ :S¢-43 
2. COLLECTOR JEDEC: TO-92 
3. BASE (EC : PA33 


TEST CONDITIONS 


Vce =6.0 V, 
Vce =6.0 V, Ic =1.0 mA 

Vce =6.0 V, Ic=1.0 mA 
Vcp=10 V, \e=0, f =1.0 MHz 
Vcp =40 V, le =0 

Vce=30 V, Reg = 
Vep=5.0 V, Ic =0 

Vce =6.0 V, Ic =1.0 mA 

I¢ =100 mA, !Ip=10 mA 
I¢=100 mA, Ip =10 mA 


Ic =0.1 mA 


2SC1840 NEC ttrctron oevice 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 
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Ic — Collector Current— mA 


Ic — Collector Current—mA 
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NEC | NPN SILICON TRANSISTOR | 


ELECTRON DEVICE 2SC1841 


DESCRIPTION The 2SC1841 is designed for use in AF amplifier, driver and 
low speed switching. PACKAGE DIMENSIONS 


in millimeters (inches) 
: 5.2 MAX. 
FEATURES @ High Voltage Veep : 120 V (0.204 MAX.) 


@High hee hee: 600 TYP. (Voge =6.0 V, Ic = 1.0 mA) 








=p 
x2 
ABSOLUTE MAXIMUM RATINGS =5 
Maximum Temperatures is Ss 
Storage Temperature ......... —55 to +125 °C he 
Junction Temperature ........ +125 °C Maximum 25 
. P er . = ° : ss 
Maximum Power Dissipation (Ta (25 C) a el 
Total Power Dissipation ............. 500 mW (0.10) 
: Pn 1.27 
Maximum Voltages and Currents (Ta=25 ~C) (0.05) Eear 8 
VCBO Collector to Base Voltage ....... 120 V 5 —}-—$+5 z= 
VCEO Collector to Emitter Voltage -.-.-.- 120 V < a 
VEBO Emitter to Base Voltage ........ 5.0 V 
Ic Collector Current ............. 50 mA 
1, EMITTER EIA : SC-43 
-Ip Base Current ..........0..006. 10 mA 2. COLLECTOR JEDEC : TO-92 


3. BASE IEC : PA33 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC . : TEST CONDITIONS 


heey DC Current Gain Vce =6.0 V, Ico =0.1 mA 
hFEeQ DC Current Gain VceE = 6.0 V, Ic =1.0 mA 

fT Gain Bandwidth Product Voce =6.0 V, Ile =-1.0 mA 
Cob Output Capacitance i ; Vcg=30 V, le =0, f= 1.0 MHz 


ICBO Collector Cutoff Current Vcp=120 V, Ie =0 
ICEO Collector Cutoff Current . Voce = 100 V, Ree = 
leEBo Emitter Cutoff Current Vep=5.0 V, Ic =0 

VBE Base to Emitter Voltage Vce = 6.0 V, Ic =1.0 mA 
VBE(sat) Base Saturation Voltage ‘ Ic =10 mA, 1g =1.0 mA 
VCE(sat) Collector Saturation Voltage 1¢=10 mA, ip=1.0 mA 





Classification of hege2 


a 
0 — 0 | 50 — 69 co 


hee Test Conditions : Vcg =6.0 V, Ic =1.0 MA 









Se 
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2SC1841 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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COLLECTOR CURRENT vs. 
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ile 
pT 
5 


Vcp—Collector to Base Voltage—V 








40 6 


mT | ceed | 
apa 
Let | | 
axe eel ee ane 
ptt 
asa 
2 












0 80 


Voge —Collector to Emitter Voltage—V 
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NEC erectron pevice 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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NEC NPN SILICON TRANSISTOR 
ELECTRON DEVICE 2501842 


DESCRIPTION The 2SC1842 is designed for use in an AF amplifier and general 
purpose. PACKAGE DIMENSIONS 


in millimeters (inches) 
FEATURES @ High hee. hee : 600 TYP. (Vege =6.0 V, Ic = 1.0 mA) 
@ Low Noise Voltage. NV : 30 mV TYP. (Vce =6.0 V, Ic =1.0 mA, 
Rg =100 kQ, G,=80 dB, 
f=10 Hz to 1.0 kHz) 


5.2 MAX. 
(0.204 MAX.) 


> 
1 
43 
= 
© 
Dt 
wo 
° 
> 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 


Maximum Temperatures 




















Storage Temperature ............ -55 to +125 °C is 35 
Junction Temperature .......... +125 °C Maximum 23 ne 
Maximum Power Dissipation (Ta=25 °C) ng 
Total Power Dissipation .............. 250 mW Tr 
Maximum Voltages and Currents (Ta= 25 °C) 
Vecpo Collector to Base Voltage ........... 40 V 
Vceo Collector to Emitter Voltage ......... 35 V 1. EMITTER EIAS.—_: SC-43 
Veso Emitter to Base Voltage ........... 5.0 V 2 cape lec pasa, 
Ic Collector Current .............. 100 mA 
lp Base Current .........2..-000, 20 mA 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
| SYMBOL CHARACTERISTIC MIN. TYP, MAX. UNIT TEST CONDITIONS 
heey DC Current Gain 150 580 _ VceE =6.0 V, Ic =0.1 mA | 
hFE2 DC Current Gain 200 600 1200 - Voce =6.0 V, Ic=1.0 mA 
fT Gain Bandwidth Product 50 100 MHz Vce =6.0 V, Ic =1.0 mA 
Cob Output Capacitance 3.0 4.0 pF Vcp=6.0 V, te =0, f= 1.0 MHz 
NV Noise Voltage 30 50 mV Vce =5.0 V, Ic =1.0 mA, Rg= 100 kQ, 
Gy = 80 dB, f= 10 Hz to 1.0 kHz 
IcBO Collector Cutoff Current 50 nA Vcp=40 V, Ip =0 
IcEO Collector Cutoff Current 1.0 uA Vce = 30 V, Ree =? 
lEBO Emitter Cutoff Current 50 nA VeB=5.0 V, Ic=0 
VBE (sat) Base Saturation Voltage 0.86 1.0 Vv Ic = 100 mA, Igp=10 mA 
VCE (sat) Collector Saturation Voitage 0.15 0.3 Vv I¢=100 mA, Igp=10 mA 
| VBE Base to Emitter Voltage 0.55 0.60 0.65 Vv Vce =6.0 V, Ic =1.0 mA | 





Classification of hee? 


Pao fe [*[. u 
600 — 1200 





Range 200 — 400 | 300 — 600 | 400 — 800 





hre Test Conditions : Vcg =6.0 V, Ic=1.0 mA 
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28SC1842 NEC euectron pevice 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. NORMALIZED COLLECTOR CUTOFF COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE CURRENT vs. AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 
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NEC arcmon oevice 28C1842 


INPUT IMPEDANCE, VOLTAGE FEEDBACK 
INPUT AND OUTPUT CAPACITANCE SMALL SIGNAL CURRENT GAIN vs. RATIO AND OUTPUT ADMITTANCE vs. 
vs. REVERSE VOLTAGE DOC CURRENT GAIN SMALL SIGNAL CURRENT GAIN 
1000 100- 50r 50 
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NOISE VOLTAGE TEST CIRCUIT 


Re=100 kQ 


-15 V FLAT 


Vce=5 V, Ic=1.0 mA, Re=100 kQ, Gv=80 dB, FLAT(f=10 Hz to 1.0 kHz) 
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NEC NPN SILICON TRANSISTOR 
ELECTRON DEVICE 2$C18423 


DESCRIPTION The 2SC1843 is designed for use in an AF amplifier of low level low 


noise and general purpose. PACKAGE DIMENSIONS 
in millimeters (inches) 
FEATURES @ High hee. hee : 400 TYP. (Voce =6.0 V, Ic =1.0 mA) 52 MAX, 
0.204 MAX. 
© Low Noise Voltage. NV : 30 mV TYP. (Vcg =5.0 V, Ic=1.0 mA, pee 








Rg = 100 k2, G)=80 dB, 
f= 10 Hz to 1.0 kHz) 


5.5 MAX 
(0.216 MAX.) 


ABSOLUTE MAXIMUM RATINGS (Ta= 25 °C) 























Maximum Temperatures Hee. 
Storage Temperature.............. —55 to +125 °C - (0.02) 4 
Junction Temperature........... +125 °C Maximum I 23 qs 
Maximum Power Dissipation (Ta= 25 °C) bio) —R8 
Total Power Dissipation. ............... 250 mW 1.27 S = 
Maximum Voltages and Currents (Ta= 25 °C) ey ear :s 
Vepo Collector to Base Voltage... .......... 60 V (8 
Vceo Collector to Emitter Voltage........... 50 V = 
Vepo Emitter to Base Voltage.............. 5.0 V 
1, EMITTER EIAJ : SC-43 
Ic Collector Current ............02005 100 mA z oan antes Weds 
Ip Base Current... ....-..022-20 000s 20 mA 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC MIN. “TYP. MAX. UNIT TEST CONDITIONS 
heey DC Current Gain 150 370 _ Vee =6.0 V, ic =0.1 mA 
hee? DC Current Gain 200 400 800 ~ VcE=6.0 V, I¢=1.0 mA 
fT Gain Bandwidth Product 50 100 MHz Vce =6.0 V, i¢=1.0 mA 
Cob Output Capacitance 3.0 4.0 pF Vcgp=6.0 V, Ie =0, f= 1.0 MHz 
NV Noise Voltage 30 40 mV Vce =5.0 V, Ic =1.0 mA, Rg = 100 kQ, 
Gy=80 dB, f=10 Hz to 1.0 kHz 
IcBO Collector Cutoff Current 100 nA Vcp= 60 V, ip =0 
IcEO Collector Cutoff Current 1.0 pA Vce= 40 V, Ree = 
lEBO Emitter Cutoff Current 100 nA Vep=5.0 V, Ic =0 
VBE Base to Emitter Voltage 0.55 0.60 0.65 Vv Vce =6.0 V, Ic =1.0 mA 
VCE (sat) Collector Saturation Voltage 0.15 0.30 Vv Ic = 100 mA, Igp=10 mA 
VBE (sat) Base Saturation Voitage 0.86 1.0 Vv I¢= 100 mA, Igp=10 mA 





Classification of hFeg 


Rank P F E a 
Range 200 — 400 | 300 — 600 400 — 800 | 


hee Test Conditions : Voce =6.0 V, [c=1.0 mA 
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2SC1843 


TYPICAL CHARACTERISTICS (Ta= 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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NORMALIZED COLLECTOR CUTOFF 


CURRENT vs. AMBIENT TEMPERATURE 
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\c— Collector Current —mA 


GAIN BANDWIDTH PRODUCT vs. 
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ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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INPUT AND OUTPUT CAPACITANCE SMALL SIGNAL CURRENT GAIN vs. 
vs. REVERSE VOLTAGE DC CURRENT GAIN 

100 

50 
vs c 
ua 20 £ 
Ties 3 

o 
eg 10 ¢ 
c vo 
ao 5 x 
=e as 
ga ° 
eS 2 3 
oO & 
32 g 
ES 05 8 
[ei wn 
28 

oo 02 , 
F< 

0.1 











“Ol 02 #051 2 5 10 20 50 100 


Veg — Collector to Base Voltage—V 
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NOISE VOLTAGE TEST CIRCUIT 
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\c— Collector Current —mA 


Vee 2=5 V, Ic=1.0 mA, Re=100 kQ, Gv=80 dB, FLAT(f=10 Hz to 1.0 kHz) 
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NPN SILICON TRANSISTOR 


anaes 2SC1844 
DESCRIPTION The 25C1844 is the best for the head amplifier of tape recorders, the 
equalizer of moving coil type record players, and etc. PACKAGE DIMENSIONS 
in millimeters (inches) 
FEATURES @ Super Low Noise. NV : 30 mV TYP. (See test circuit.) (0208 MAX) 


@ High hee. 
® Complementary to 2SA991. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature 
Junction Temperature ........ 
Maximum Power Dissipation (Ta=25 °C) 
Total Power Dissipation 
Maximum Voltages and Currents (Ta=25 °C) 


Vecpo Collector to Base Voltage 


Vceo Collector to Emitter Voltage . . 


Vego Emitter to Base Voltage 
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lp Base Current 


Cc Collector Current 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC 





DC Current Gain 

DC Current Gain 

Gain Bandwidth Product 
Output Capacitance 
Noise Voltage 


Collector Cutoff Current 


IcBo 
ICEO 
lEBO 
VBE 
VCE(sat) 


Collector Cutoff Current 
Emitter Cutoff Current 

Base to Emitter Voltage 
Collector Saturation Voltage 


Classification of hee 


| Reonk | oP of oF ot CE 
200 — 400 | 300 — 600 | 400 — 800 


hfe Test Conditions : VcE =6.0 V, Ic=1.0 mA 
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TEST CONDITIONS 


Voce =6.0 V, Ic =0.1 mA 
VceE =6.0 V, Ic =1.0 mA 
VcE =6.0 V, Ic =1.0 mA 
VcB=10 V, {e=0, f=1.0 MHz 


VcE =5.0 V, Ic =1.0 mA, Rg =100 ka 
Gy =80 dB, f=10 Hz to 1.0 kHz 


VcB =60 V, IE=0 

Vce =50 V, Ree = 
Veg =5.0 V, Ic =0 

VceE =6.0 V, Ic =1.0 mA 
I¢=100 mA, Ig=10 mA 


2S8SC1844 NEC: ttectron vevice 
TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 


In free air 




















I¢—Collector Current~ mA 
I¢— Collector Current— mA 














P7~— Total Power Dissipation — mW 
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Ig —Collector Current— mA 


NOISE VOLTAGE TEST CIRCUIT 
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Rg—Source Resistance— Q 
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Rg— Source Resistance— Q 


2SC1844 


NOISE FIGURE MAP3 
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ais 28SC1845 
DESCRIPTION The 2SC1845 is the best for use as the middle range amplifier 
in Hi-Fi stereo control amplifiers, power amplifiers, and etc. PACKAGE DIMENSIONS 
in miltimeters (inches) 
5.2 MAX, 
(0.204 MAX.) 
FEATURES @ High Voltage. Vceo : 120 V 
@ Low Output Capacitance. Co, : 1.6 pF TYP. (Vcg =30 V) f 
: >< 
@ High hee. hee : 600 TYP. (Vcge =6.0 V, Ic = 1.0 mA) 23 
@ Super Low Noise. NV : 25 mV TYP. (See test Circuit.) is 
Ss 
ABSOLUTE MAXIMUM RATINGS Py aaeas i 
Maximum Temperatures ; g2 
Storage Temperature .............. —55 to +125 °C ag 
Junction Temperature ........... +125 °C Maximum ea 
Maximum Power Dissipation (Ta=25 °C) one 
Total Power Dissipation ................ 500 mW eae x Ee: 
33. 3s Ss 
Maximum Voltages and Currents (Ta= 25 °C) \3 8 
Vcspo Collector to Base Voltage ........... 120 V = 
Vceo Collector to Emitter Voltage ........ 120 V 
1. EMITTER EIAJ : SC-43 
Vepo Emitter to Base Voltage ............ 5.0 V 2. COLLECTOR JEDEC : TO-92 
3. BASE IEC: PA33 
Ic Collector Current ............---- 50 mA 
Ig Base Current ...........00.000 ee 10 mA 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL. CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
hee DC Current Gain 150 580 = Vce =6.0 V, Ic =0.1 mA 
hFE2 DC Current Gain 200 600 1200 - Vce = 6.0 V, Ic = 1.0 mA 
fT Gain Bandwidth Product 50 110 MHz Vce = 6.0 V, Ic =1.0 mA 
Cob Output Capacitance 1.6 2.5 pF Vcp=30 V, ig =0, f= 1.0 MHz 
NV Noise Voltage 25 40 mV Vce = 5.0 V, i¢ = 1.0 MA, Rg = 100 kQ 
Gy =80 dB, f=10 Hz to 1.0 kHz 
IcBO Collector Cutoff Current 50 nA Vcop=120 V, le =0 
IcEO Collector Cutoff Current 1.0 uA Vce = 100 V, Rpe=e 
leEBO Emitter Cutoff Current 50 nA VeBp=5.0 V, Ic =0 
VBE Base to Emitter Voltage 0.55 0.59 0.65 Vv Vce =6.0 V, Ic =1.0 mA 
VCE (sat) Collector Saturation Voltage 0.07 0.30 Vv Ic =10 mA, |g=1.0 mA 





Classification of hee 


ame]? [fF | © | 
Range 200 — 400 300 — 600 400 — 800 600 — 1200 


hee Test Conditions : Vce =6.0 V, Ic =1.0 mA 





28C1845 


TYPICAL CHARACTERISTICS (Ta= 


ft—Gain Bandwidth Product—MHz 


Py~—Total Power Dissipation— mW 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 































































































25 °C unless otherwise noted) 


COLLECTOR CURRENT vs, 
COLLECTOR TO EMITTER VOLTAGE 
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Vee Base to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 
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VBE(sat) Base Saturation Voltage—v 
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COLLECTOR CURRENT vs, 
COLLECTOR TO EMITTER VOLTAGE 
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Voce Collector to Emitter Voltage—V 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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NOISE FIGURE MAP. 









VcE=6.0 V 


= 
hSDN) 
200 k SSRN 


NON S&S 












































QOT GOD 0.0501 02 05 10 20 50 10 
I¢— Collector Current—mA 


NOISE VOLTAGE TEST CIRCUIT 


Rg =100 kQ 





-15 V FLAT 


Voe=5 V, Ic=1.0 mA, Rg=100 kQ, Gy =80 4B, FLAT(f=10 Hz to 1.0 kHz) 
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ELECTRON DEVICE 
DESCRIPTION The 2SC1940 is designed for use in driver stages of audio 
frequency amplifiers. 
FEATURES ®@ High total power dissipation and high breakdown voltage: 


1.0W at 25°C ambient temperature/VcEo = 120V 


@ Complementary to the NEC 2SA915 PNP transistor. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature .............-..5- 
Junction Temperature ..........---> 


Maximum Power Dissipation (Ta = 25°C) 
Total Power Dissipation .... 


Thermal Resistance(Junction to Ambient) 


Maximum Voltages and Currents (Ta = 25°C) 


VcBo 
VcEO 


VeBo 
Ic Collector Current 


Emitter to Base Voltage . 


Ig Base Current 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


SYMBOL 


CHARACTERISTIC 


Collector to Base Voltage ..... 


Collector to Emitter Voltage ..... 


Ce 





oC Current Gain 

DC Current Gain 

Gain Bandwidth Product 
Output Capacitance 
Collector Cutoff Current 
Emitter Cutoff Current 

Base to Emitter Voltage 
Collector Saturation Voltage 


Base Saturation Voltage 


Classification of heey 





an ee See 
90 — 180 135 — 270 





200 — 400 


hfe, Test Conditions: Vee =10V, ic =10mA 
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—55 to +150°C 
+150°C Maximum 


... 1.0W 


125°C/W 


..120 V 
.120 V 
.5.0 V 





2SC1940 


PACKAGE DIMENSIONS 


in millimeters (inches) 


7.0MAX. 1.2 


(0.275MAX. ) (0.047) 














9 .OMAX 
(0.354MAX.) 






3.0MAX. 
(0. 118MAX.) 


0.8+0.1 
(0.031) 


0.6+0.1 
(0.024) 


0.6+0.1 
(0.024) 


12.0MIN. 
(0.473MIN.) 








0.5540. 


1.7 bestaey 1.7 (0.022) 


(0.067) (0.067) 











1.5 


no 
BF ws. 
4.0MAX. 
(0. 157MAX. ) 


(0.591) 


1. Emitter 
2. Collector 
3. Base 


TEST CONDITIONS 


Voce =10V, I¢=10mA 
VcE=10V, Ic =1.0mA 
Vce = 10V, Ie = -10mA 
Vop = 10V, Ie =0, f = 1.0MHz 
Vcg=120V, Ie =0 
Vep=5.0V, Ic =0 

VCE =10V, Ic =10mMA 

Ic = 20mA, Ig =2.0mA 

Ic =20mA, Ig =2.0mA 


2SC1940 


TYPICAL CHARACTERISTICS (Ta=25°C unless otherwise noted) 


VCE (sat) Collector Saturation Voltage —V 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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Voce —Collector to Emitter Voltage —V 


COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 
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I¢ —Collector Current—mA 


Ic —Collector Current—mA 


VBE(sat) ~Base Saturation Voltage —V 


SAFE OPERATING AREAS 
(TRANSIENT THERMAL RESISTANCE 
METHOD) ; 
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VcE —Collector to Emitter Voltage —V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 




















Ic —Collector Current—mA 
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BASE SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 
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I¢ —Collector Current—mA 
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hee —DC Current Gain 


ff —Gain Bandwidth Product -MHz 


NEC etectron vevice 


COLLECTOR CURRENT vs. 


COLLECTOR TO EMITTER VOLTAGE 














I¢ —Collector Current —mA 





























VcE —Collector to Emitter Voltage -—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 
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Cib —Input Capacitance —pF 


NEC circtron vevice 


{NPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 


Cob Output Capacitance —pF 
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Vcp —Collector to Base Voltage —V 
Veg —Emitter to Base Voltage —V 
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2SC1940 


NEC 


ELECTRON DEVICE 


DESCRIPTION The 2SC1941 is designed for use in driver stages of audio 


frequency amplifiers. 


FEATURES @ High total power dissipation and high breakdown voltage: 


1.0W at 25°C ambient temperature/VcEo = 160V 
® Complementary to the NEC 2SA916 PNP transistor. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ............ —55 to +150°C 
Junction Temperature ......... +150°C Maximum 


Maximum Power Dissipation (Ta = 25°C) 
Total Power Dissipation ..............-2.00. 


Thermal! Resistance(junction to Ambient) ... 125°C/W 


Maximum Voltages and Currents (Ta = 25°C) 


Vecpo Collector to Base Voltage ........ 160 V 
VceO Collector to Emitter Voltage ...... 160 V 
Veso Emitter to Base Voltage ......... 5.0 V 
Ic Collector Current ............-. 50 mA 
Ig Base Current ..............06- 10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 
SYMBOL CHARACTERISTIC 








DC Current Gain 

DC Current Gain 
fT Gain Bandwidth Product 
Cob Output Capacitance 
IcBoO Collector Cutoff Current 
lEBO Emitter Cutoff Current 
VBE Base to Emitter Voltage 
VCE(sat) Collector Saturation Voltage 


VBE (sat) Base Saturation Voltage 


Ea of hee, 


90 — 180 — — 270 — 400 


hfe, Test Conditions: VcE = 10V, i¢=10mMA 
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NPN SILICON TRANSISTOR 


2SC1941 


PACKAGE DIMENSIONS 


in millimeters (inches) 


7 OMAX. 1.2 
(0, 275MAX.) (0.047) 











9 .OMAX. 
(0.354MAX.) 






0.8+0.1 
(0.031) Sarit 


12.0MIN. 
(0.473MIN.) 





0.55+0.1 
(0.022) 


4.0MAX 
(0. 157MAX.) 


1, Emitter 
2. Collector 
3. Base 


TEST CONDITIONS 
Vce=10V, I¢=10MmA 
VceE=10V, Ic=1.0mMA 
VceE=10V, Ie = -10mMA 
Vop=10V, le =0, f=1.0MHz 
Vcp=160V, le =0 
Veg=5.0V, Ic =0 
VcE=10V, lc =10mMA 
Ic =20mA, Ig =2.0mA 
Ic =20mA, Igp=2.0mA 


2$C1941 


TYPICAL CHARACTERISTICS (Ta=25°C unless otherwise noted) 


Py —Total Power Dissipation—W 


VCE(sat) Collector Saturation Voltage —V 


TOTAL POWER DISSIPATION vs. 


AMBIENT TEMPERATURE 
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VcE —Collector to Emitter Voltage —V 


COLLECTOR SATURATION VOLTAGE 


vs. COLLECTOR CURRENT 
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SAFE OPERATING AREAS 
(TRANSIENT THERMAL RESISTANCE 
METHOD) 
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COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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BASE SATURATION VOLTAGE 
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NEC ttectron vevice 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 

















VcE —Collector to Emitter Voltage —V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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Cib —!nput Capacitance — pF 


N. E Cc ELECTRON DEVICE 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 
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VcB —Collector to Base Voltage —V 
VeEB—Emitter to Base Voltage —V 
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NEC NPN SILICON TRANSISTOR 


ELECTRON DEVICE 


DESCRIPTION The 2SC2000 is designed for use in AM/RF stage of CAR RADIO 
and general purpose applications. 


FEATURES ®@ High Electrostatic-Discharge-Strength (E-B reverse bias) 
Vd1: TYP. 500 V (C=1 000 pF) 
Vd2: TYP. 1600 V (C=100 pF) 
@ Low fz, Co‘tp'h and NF. 


fr: TYP. 70 MHz (Vc =6.0 V, ig =-1.0 mA) 
Cotb'b: TYP.6.0ps (Veg =6.0 V, Ie =—-10 mA, 
#=31.9 MHz) 


NF:  TYP.3.0dB (Vcge=6.0V, Ic=1.0 mA, 
f= 1.0 MHz, Rg =500 2) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature ..............-5- —55 to +150 °C 

Junction Temperature ............. +150 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 

Total Power Dissipation ...............005 600 mW 
Maximum Voltages and Currents (Ta= 25 °C) 

Vepo Collector to Base Voltage ............ 60 V 

Vceo Collector to Emitter Voltage.......... 50 V 

Vepo Emitter to Base Voltage ............. 5.0 V 

lc Collector Current............ 000 ee 200 mA 

Ip Base Current ....... 0.00. cece eens 20 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC 
DC Current Gain 
Output Capacitance 
Gain Bandwidth Product 
Noise Figure 


Electrostatic-Discharge-Strength 
'cBo Collector Cutoff Current 
'EBO Emitter Cutoff Current 


VBE Base to Emitter Voltage 


VCE (sat) Collector Saturation Voltage 
VBE (sat) Base Saturation Voltage 
Coth’b Collector to Base Time Constant 


Classification of hee 


Range 40-80 60 — 120 90 — 180 


hee Test Conditions : Vcg =6.0 V, Ic =1.0 mA 








2SC2000 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


foes 








5.5 MAX. 
(0.216 MAX.) 


12.7 MIN. 
(0.5 MIN.) 


1.77 MAX. 
(0.069 MAX.) 





4.2 MAX. 
(0.165 MAX.) 


1. EMITTER EIAJ :SC-43 
2. COLLECTOR JEDEC: TO-92 
3. BASE 1EC =: PA33 


TEST CONDITIONS 
Vce =6.0 V, Ic=1.0 mA 
Vcop=6.0 V, te =0, f=1.0 MHz 
Vce=6.0 V, le =-1.0 mA 
VcE=6.0 V, Ic=1.0 mA 
Rg=500 2, f=1.0 MHz 
See Test Circuit 
Vcp=60 V, Ip=0 
Veg=5.0 V, lc=0 
VcE=6.0 V, ic=1.0 mA 
I¢=100 mA, igp=10 mA 
I¢=100 mA, |Ip=10 mA 


Vcp=6.0 V, IE=—-10 mA 
f=31.9 MHz 


2SC2000 


TYPICAL CHARACTERISTICS (Ta= 25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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Ta—Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 





200} Voce =6.0 V 




















e 
Co 


tc —Collector Current—mA 














VpeE—Base to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION VOLTAGE vs. 


COLLECTOR CURRENT 















































VBE(sat) Base Saturation Voltage—mvV 
VCE(sat) Collector Saturation Voltage —mV 


lc —Collector Current—mA 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 








hfe —DC Current Gain 



































Ic —Collector Current—mA 
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VceE —Collector to Emitter Voltage —V 
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Ni EF Cc ELECTRON DEVICE 


COLLECTOR CURRENT vs. 


COLLECTOR TO EMITTER VOLTAGE 








\¢ —Collector Current—mA 




















VceE —Collector to Emitter Voltage —V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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COLLECTOR TO EMITTER VOLTAGE vs. 
BASE CURRENT 
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IRB—Base Current—mA 








NEC tirctron vevice 


1000 penne ng 


ff —Gain Bandwidth Product—MHz 


GAIN BANOWIOTH PRODUCT vs. 
EMITTER CURRENT 
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Cjib—Input Capacitance —pF 
Cob — Output Capacitance —pF 


le —Emitter Current—mA 





2SC2000 


INPUT AND OUTPUT CAPACITANCE vs. COLLECTOR TO BASE TIME CONSTANT vs. 
REVERSE VOLTAGE EMITTER CURRENT 
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Vcp—Collector to Base Voltage —V 
VeB—Emitter to Base Voltage—V 





Ce'rb’b—Collector to Base Time Constant —ps 


\E —Emitter Current—mA 


ELECTROSTATIC-DISCHARGE-STRENGTH TEST CIRCUIT 


Open COLLECTOR 


C=1000 pF 





ELECTROSTATIC-DISCHARGE-STRENGTH vs. 
CAPACITANCE 


Vd—Electrostatic— Discharge - Strength—V 
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200 500 1000 2000 
C—Test Capacitance —pF 


TEST CONDITION 
1) £-B reverse bias 


2) C=1 000 pF 
3) Apply one shot puise to D.U.T. (Device Under the Test) by SW. 


JUDGEMENT 
REJECT: BVEgoO waveform defect 
As a result if D.U.T. is not rejected, apply higher voltage to 
capacitor and test again. 
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NEC NPN SILICON TRANSISTOR 
ELECTRON DEVICE 2 sc 200 4 


DESCRIPTION The 2SC2001 is designed for use in output stage of portable 


RADIO and cassette type tape recorder, general purpose applica- PACKAGE DIMENSIONS 


in millimeters (inches) 














tions. 
5.2 MAX. 
(0.204 MAX.) 
FEATURES ®@ High total power dissipation. 
Pr : 600 mW — 
ae 
@ High hee and low VcE(sat) 2s 
hee (Ic = 100 mA) =: 200 TYP. a8 
Ss 
VcE(sat) (700 mA) =: 0.20 V TYP. oat 
0.018) 22 
a 
ABSOLUTE MAXIMUM RATINGS se ing 
Maxi T tures 2.54 an oe 
aximum Tempera G10) =8 
Storage Temperature ................ —55 to +150 °C oe nf os 
Junction Temperature ............. +150 °C Maximum 3 E: 
Maximum Power Dissipation (Ta= 25 °C) 0 8 
Total Power Dissipation ................0. 600 mW : 5 
: 5, 1, EMITTER EIAJ : SC-43 
Maximum Voltages and Currents (Ta=25 C) 2. COLLECTOR JEDEC: TO-92 
3. BASE IEC: PAS3 
Vcso Collector to Base Voltage ............ 30 V 
Vceo Collector to Emitter Voltage.......... 25 V 
Veso Emitter to Base Voltage ............ 5.0 V 
Io Collector Current...............055 700 mA 
Ip Base Current ........ 0... e cee eee 150 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC . TYP. MAX. UNIT TEST CONDITIONS 
hre1* DC Current Gain Vee = 1.0 V, Io = 100 mA 


hre2* DC Current Gain VcE = 1.0 V, I¢=700 mA 


: Vcp=6.0 V, Ip =0 
Cob Collector to Base Capacitance f=1.0 MHz 


fr Gain Bandwidth Product Vce =6.0 V, IE =-10 mA 


VBeE* Base to Emitter Voltage Vce =6.0 V, Ic =10 mA 
VCE(sat)* Collector Saturation Voltage Ns Ic = 700 mA, Ip =70 mA 
VBE(sat)* Base Saturation Voltage I¢= 700 mA, Igp=70 mA 
IcBO Collector Cutoff Current Vcp =30 V, Ip =0 
lEBO Emitter Cutoff Current Vep=5.0 V, Ic=0 





* Pulsed PWS 350 us, duty cycle = 2.0 % 


Classification of heey 


Rank M L K 
Range 90 — 180 135 — 270 200 — 400 


hee Test Conditions : Voge =1.0 V, Ic =100 mA 








2SC2001 


NEC ttectron vevice 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 

















Ic Collector Current— mA 























Vce—Collector to Emitter Voltage—V 


COLLECTOR TO EMITTER VOLTAGE 
vs. BASE CURRENT - 



































VcE—Collector to Emitter Voltage—V 
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SAFE OPERATING AREAS COLLECTOR CURRENT vs. 
(TRANSIENT THERMAL RESISTANCE) COLLECTOR TO EMITTER VOLTAGE 
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I¢— Collector Current— mA 





Vpe— Base to Emitter Voltage—V 


EMITTER TO BASE AND COLLECTOR 
GAIN BANDWIDTH PRODUCT TO BASE CAPACITANCE vs. 
vs. EMITTER CURRENT REVERSE VOLTAGE 
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Cjp— Emitter to Base Capacitance — pF 
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NEC NPN SILICON TRANSISTOR 


ELECTRON DEVICE 


DESCRIPTION The 2SC2002 is designed for use in driver stage of high voltage 
audio equipments. 


FEATURES ®@ High total power dissipation. 
Py : 600 mW 
®@ High hee and high voitage. 
hee (lc =50 mA) : 200 TYP. 
VcEo : 60 V 


ABSOLUTE MAXIMUM RATINGS 
_Maximum Temperatures 


Storage Temperature................ ~55 to +150 °C 

Junction Temperature ............. +150 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 

Total Power Dissipation ...............0.. 600 mW 
Maximum Voltages and Currents (Ta=25 °C) 

Vcpo Collector to Base Voltage ............ 60 V 

Vceo Collector to Emitter Voltage.......... 60 V 

Veso Emitter to Base Voltage ............ 5.0 V 

Ic Collector Current...... He casey ortanehaatatie’s 300 mA 

Ip Base Current ........... 00 eee eee 60 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC ; TYP. MAX. UNIT 
hre1* DC Current Gain 
hFe2* DC Current Gain 


Cob Collector to Base Capacitance 


fr Gain Bandwidth Product 
VeeE* Base to Emitter Voltage 
VcE(sat)* Collector Saturation Voltage 


VBE(sat)* Base Saturation Voltage 


lcBo Collector Cutoff Current 
lEBO Emitter Cutoff Current 


«Pulsed PW S 350 us, duty cycle S 2.0 %. 


Classification of hee4 


po Rank MK 
90 — 180 135 — 270 200 — 400 


hfe Test Conditions : VcgE=1.0 V, Ic =50 mA 





2SC2002 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 
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1, EMITTER EIAJ :SC-43 
2,.COLLECTOR JEDEC: TO-92 
3. BASE 1EC—-: PAS 


TEST CONDITIONS 
Vce =1.0 V, Ic =50 mA 
Vce =2.0 V, Ic =300 mA 


Vcp=6.0 V, Ig =0 
f= 1.0 MHz 


Vce =6.0 V, Ip =—-10 mA 
Vce =6.0 V, Ic =10 mA 
Ic =300 mA, Ip =30 MA 
i¢ = 300 mA, Ip =30 mA 
Vcp =60 V, Ip =0 
Veg =5.0 V, le =0 


2SC2002 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION! 
vs. AMBIENT TEMPERATURE 





Pr- Total Power Dissipation—W 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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I¢—Collector Current— mA 
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Vcoe—Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 
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VCE(sat)— Collector Saturation Voltage—V 
VBE (sat) — Base Saturation Voltage—V 
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I¢—Collector Current— mA 


SAFE OPERATING AREAS 
(TRANSIENT THERMAL RESISTANCE) 


\¢— Collector Current — mA 





Vce~Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


\¢— Collector Current— mA 








VcE—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


hee—DC Current Gain 
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I¢—Collector Current— mA 


EMITTER TO BASE AND COLLECTOR TO BASE 
CAPACITANCE vs. REVERSE VOLTAGE 
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Cip—Emitter to Base Capacitance— pF 
Cob—Collector to Base Capaitance—p 
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NEC 


ELECTRON DEVICE 
DESCRIPTION The 2SC2003 is designed for use in driver stage of high voltage 
audio equipments. 
FEATURES @ High total power dissipation. 


P+ : 600 mW 
®@ High heg and high voltage. 

hee (lc =50 mA) : 200 TYP. 

VcEo : 80 V 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature .............04. —55 to +150 °C 

Junction Temperature ............. +150 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 

Total Power Dissipation .................. 600 mW 
Maximum Voltages and Currents (Ta=25 °C) 

Vcspo Collector to Base Voltage ............ 80 V 

Vceo Collector to Emitter Voltage.......... 80 V 

Vepo Emitter to Base Voltage ...... iceat brine 5.0 V 

lo Collector Current.................. 300 mA 

lp Base Current ......... 0. cee e eee eee 60 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC 


hre1* DC Current Gain 
hre2* DC Current Gain 


Cob Collector to Base Capacitance 


fr Gain Bandwidth Product 
VeBe* Base to Emitter Voltage 
VCE(sat) * Collector Saturation Voltage 
VBE(sat)* 
IcBo Collector Cutoff Current 


Base Saturation Voltage 


tEBO Emitter Cutoff Current 


*Pulsed PW S350 us, duty cycleS 2.0 %. 


Classification of hee, 
Rank 


Range 














ee 
90 — 180 135 — 270 200 — 400 


hrE Test Conditions : Voge = 1.0 V, [c= 50 mA 
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NPN SILICON TRANSISTOR 


2SC2003 


PACKAGE DIMENSIONS 


in millimeters (inches) 
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(0.204 MAX.) 
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2. COLLECTOR JEDEC: TO-92 
3. BASE 1EC :PA33 


TEST CONDITIONS 
VceE=1.0 V, Ic =50 mA 
VceE = 2.0 V, I¢ = 300 mA 


Vcp = 6.0 V, Ip =0 
f=Fo MHz 


Vce =6.0 V, le =-10 mA 
Vce = 6.0 V, Ic =10 mA 
I¢= 300 mA, Igp=30 mA 
1¢ = 300 mA, Ip=30 mA 
Vcp = 80 V, le =0 
Veg=5.0 V, le =0 





2SC2003 NEC ttcrron nevice 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 




































































































































































































































































TOTAL POWER DISSIPATION SAFE OPERATING AREAS COLLECTOR CURRENT vs. 
vs. AMBIENT TEMPERATURE (TRANSIENT THERMAL RESISTANCE) COLLECTOR TO EMITTER VOLTAGE 
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f>—Gain Bandwidth Product—MHz 

























































































VCE(sat)— Collector Saturation Voltage —V 
VBE(sat) — Base Saturation Voltage—V 








Cip Emitter to Base Capacitance — pF 
Cop—Collector to Base Capacitance —pF 


0102 05 1-2 5 10 20 50 100200 5001000 ; 01 02 05 1 2 5 10 20 50 100 
\¢—Collector Current—mA le —Emitter Current—mA Veg—Emitter to Base Voltage—V 
Vcp—Collector to Base Voltage—V 
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NEC 


ELECTRON DEVICE 


PACKAGE DIMENSIONS 


in millimeter (inches) 


5.2MAX. 
(0.204MAX.) 
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1. Base EIAJ $C-43 
2. Emitter JEDEC : TO-92 
3. Collector IEC PA33 


SILICON TRANSISTOR 


2SC2026 


RF LOW NOISE AMPLIFIER 
NPN SILICON EPITAXIAL TRANSISTOR 


DESCRIPTION 


Suitable for low noise amplifier in the VHF to UHF band. 


FEATURES 


NF 3.0dB TYP. @f = 500MHz 
Gpe 15dB TYP. @f = 500MHz 


fr 2.0GHz TYP. 


ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 


Maximum Voltages and Current 
Collector to Base Voltage 
Collector to Emitter Voltage 
Emitter to Base Voltage 
Collector Current 

Maximum Power Dissipation 
Total Power Dissipation 

Maximum Temperatures 
Junction Temperature 


Storage Temperature 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC 








Collector Cutoff Current 


DC Current Gain 
Gain Bandwidth Product 





SYMBOL MIN. TYP. 
IcBO 


Emitter Cutoff Current | lego | 


hFE 
fT 


Veg 30 Vv 
VcEo 14 Vv 
Veao 3.0 Vv 
Ic 50 mA 
Py 250 mW 
T; 150 ec 
Tstg -55 to +150 °C 


TEST CONDITIONS 
Vcop = 15, le=0 








25 


VeB=2.0V, Ic =0 
Voce =10V, Ic=10mA 








Vce = 10V, Ic =10mMA 








Output Capacitance * 


Cob 





Vog = 10V, IE =0, f= 1.0MHz 
VCE =10V, I¢=10mA, f = 500MHz 








* The emitter terminal should be connected to the guard terminal of the three-terminal capacitance bridge. 














nad 


Voce =10V, Ic =3.0mA, 
f= 500MHz, Rg = 502 





2$C2026 NEC ttsctron oevice 


= 95° co . 
TYPICAL CHARACTERISTICS (Ta = 25°C) BASE “fo GRIT CL DLT ROE 





DC CURRENT GAIN vs, 
COLLECTOR CURRENT 





Vce= 10V 














Ic—Collector Current—mA 


hre—DC Current Gain 
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BASE AND COLLECTOR SATURATION 
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Vcetsat) —Collector Saturation Voltage —-V 
fr—Gain Bandwidth Product —MHz 
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TYPICAL S-PARAMETER 
Gmax vs. FREQUENCY 
Zo = 502 
Vce = 10V 
Ic = 10MA a 
———— Ic =3.0mA = 
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G =|S |? . 1 é 1 
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NEC SILICON TRANSISTOR 


ELECTRON DEVICE 2SC2037 


RF LOW NOISE AMPLIFIER 
NPN SILICON EPITAXIAL TRANSISTOR 





DESCRIPTION 


PACKAGE DIMENSIONS Suitable for low noise amplifier in the VHF to UHF band. 
in millimeters (inches) 
5.2MAX. 
(0.204MAX.) FEATURES 

a NF 3.0dB TYP. @f = 500MHz 

33 Gpe «13d TYP. @f = 500MHz 
ive) 

aS fr 2.0GHz TYP. 





ze ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 
=8 Maximum Voltages and Current 
3 Collector to Base Voltage Vcso 30 Vv 
8 Collector to Emitter Voltage VcEo 14 V 
ei oy Emitter to Base Voltage VeBo 3.0 V 
~< 
23 Collector Current lc 50 mA 
a8 
*3 Maximum Power Dissipation 
Total Power Dissipation P+ 250 mW 
1. Emitter EIAJ : $C-43 Maximum Temperatures 
2. Base JEDEC : TO-92 ° 
3. Collector IEC : PA33 Junction Temperature Tj 150 Cc 
Storage Temperature Tstg  -55 to +150 °C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 
TEST CONDITIONS 
Vcp = 15V, IE =0 


CHARACTERISTIC SYMBOL 
Collector Cutoff Current ICBO 


Emitter Cutoff Current lEg0 
DC Current Gain hee 


Gain Bandwidth Product 




















Vcp=10V, te =0, f=1.0MHz* 
VceE=10V, Ic = 10mA, f= S00MHZ - 


Output Capacitance 














Power Gain 











: : VceE=10V, Ic =3.0mA, 
Noise Figure ; 7 f = 500MHz, Rg = 502 








* The emitter terminal should be connected to the gurad terminal of the three-terminal capacitance bridge. 


2$C2037 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


hre~DC Current Gain 


Vce(sat) —Collector Saturation Voltage —V 
Veetsat) Base Saturation Voltage—V 


C.»— Output Capacitance — pF 











OC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 
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ic—Collector Current—mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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Vca—Collector to Base Voltage—V 


fr—Gain Bandwidth Product —MHz 


NF —Noise Figure — dB 





NEC tzsctron oevice 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
50 
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l¢ —Collector Current ~mA 


























Vee—Base to Emitter Voltage—V 


GAIN BANOWIDTH PRODUCT vs. 
COLLECTOR CURRENT 
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le —Collector Current—mA 


NOISE FIGURE vs. 
COLLECTOR CURRENT 
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TYPICAL S-PARAMETER 
Gmax vs. FREQUENCY 
cE es WS 
ee 
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Zo = 50Q 
Vee = 10V 

Ic = 10mA | 
———— Ic =3.0mA 
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Gmax = Fos : 
max |Saq | 1 —(S44/? 1 —| Soo /? 
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FORWARD TRANSFER COEFFICIENT vs. FREQUENCY 
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REVERSE TRANSFER COEFFICIENT vs. FREQUENCY 
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NEC SILICON TRANSISTOR 
ELECTRON DEVICE 2$C2352 


VHF MIXER 
NPN SILICON EPITAXIAL TRANSISTOR 





DESCRIPTION 
PACKAGE DIMENSIONS The 2SC2352 is an NPN silicon epitaxial transistor intended for use as a 


in millimeters (inches ‘ : : 
‘i ) VHF mixer in a tuner of a TV receiver. 






5.2MAX. The device features are high conversion gain and low distortion. 
(0.204MAX.) 
xz FEATURES 
33 
os ® Low Cre. : 0.4pF TYP. 
~ @ High conversion gain. : 15dB TYP. 
@ Excellent heg linearity. 
:Z 
z= 
35 
main 
S 


ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 


Maximum Voltages and Current 





xz Collector to Base Voltage Vcso 30 V 
as Collector to Emitter Voltage VcEo 20 V 
“Ss Emitter to Base Voltage VEBO 4.0 Vv 
Collector Current Ic 30 mA 
A ida reer eae Maximum Power Dissipation 
3. Collector JEDEC : TO-92 Total Power Dissipation P+ 250 mW 
Maximum Temperatures 
Junction Temperature Tj 125 ie 
Storage Temperature Tstg -55 to +125 °c 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 
CHARACTERISTIC SYMBOL ; ; ; TEST CONDITIONS 


Collector Cutoff Current ICBO . Vcp=20V, le =0 


DOC Current Gain hFEe i Voce =10V, ic=5.0mMA 

















siden ipa > mare 
Collector Saturation Voltage VCE (sat) : Ic¢=10mA, ig=1.0mMA 





Gain Bandwidth Product MHz | Vcg=10V, IE=-5.0mA 
Feed Back Capacitance | : 0.7 . pF | Vcop=10V, Ie=0, f=1.0MHz 


ee VcE=10V, lE=-5.0mA 
#=200MHz, f= 258MHz 

















Conversion Gain dB 
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2SC2352 


TYPICAL CHARACTERISTICS (Ta=25°C) 


hFeE—DC Current Gain 


Py—Total Power Dissipation —mW 


ft —Gain Bandwidth Product—MHz 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 




















0 25 50 75 


Ta—Ambient Temperature —°C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


PET 1) vee =10v 
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Ic—Collector Current—mA 
GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 
1200 





















































—10 
Ie—Emitter Current—mA 


—50 —100 
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VBE (sat) Base Saturation Voltage —V 


I¢—Collector Current—mA 


VCE(sat)— Collector Saturation Voltage —V 


Cre—Feed Back Capacitance —pF 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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VceE—Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
























































10 
I¢—Collector Current —mA 


20 


FEED BACK CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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Vcog—Collector to Base Voltage—V 


NEC ttectaon vevice 2S8C2352 


OUTPUT ADMITTANCE vs. REVERSE TRANSFER ADMITTANCE 
COLLECTOR CURRENT vs. COLLECTOR CURRENT 


ape ol oe 
TH Con 


































8re—Reverse Transfer Conductance —mO 
bre—Reverse Transfer Susceptance —m0 





Soe — Output Conductance —md 
Doe — Output Susceptance—mod 
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Pa fa HS DE 
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I¢~—-Collector Current mA I¢ Collector Current—mA 
FORWARD TRANSFER ADMITTANCE INPUT ADMITTANCE vs. 
vs. COLLECTOR CURRENT COLLECTOR CURRENT 





























Sie Input Conductance—md 
bie—Input Susceptance— mB 





Ny 
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bfe Forward Transfer Susceptance—m0 





&fe—Forward Transfer Conductance —md 




















f=100MHz 


0.5 1 2 5 10 20 50 0.5 1 2 5 10 20 50 
I¢-~ Collector Current— mA I¢—Collector Current—mA 
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CONVERSION GAIN TEST CIRCUIT 


OSC 258 MHz 


INPUT 
200MHz 
50Q 





L1. 0.6mm U.E.W 5.0¢ 4T 
L2. 0.6mm U.E.W 5.0@ 4T 
L3. 0.3mm U.E.W 6.06 11T 


NEC 


ELECTRON DEVICE 


SILICON TRANSISTOR 


2SC2353 


NPN SILICON EPITAXIAL TRANSISTOR 
UHF/VHF MIXER 
“ DISK MOLD” 


PACKAGE DIMENSIONS (Unit : mm) 





ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


1. Base 

2. Emitter 
3. Base 

4. Collector 


The 2SC2353 is specially designed for use as VHF and UHF mixer in a 
tuner of TV receiver. The influence of mirror effect is little by balanced 


base. 


@ Packaged in tiny plastic mold package. 

@ Low noise. NF : 4.0dB (TYP.) 

@ High conversion gain. Geb : 12.5 dB (TYP.) 
® Balanced base. 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Collector to Base Voltage VcsBo 30 Vv 
Collector to Emitter Voltage VcEo 14 Vv 
Emitter to Base Voltage VeEBO 3.0 Vv 
Collector Current le 50 mA 
Total Power Dissipation Pr 200 mw 
Junction Temperature Tj 125 °c 
Storage Temperature Tstg -55 to +125 °C 





CHARACTERISTIC 
Collector Cutoff Current 
DC Current Gain 


Gain Bandwidth Product 


SYMBOL 
ICBO 


M TYP. . TEST CONDITIONS 
lis Cc 
. Vcp = 15V, Ie =0 


IN. 
60 100 VcE=10V, Ic =5.0mA 





Vce=10V, Ip =-5.0mMA 





Output Capacitance 


Vcp = 10V, te =0, f= 1MHz 





Noise Figure 


Vcp = 10V, Ip =-5.0mA, f = 900MHz 





Power Gain 


Veg =10V, IE =-5.0mA, f = 900MHz 








Conversion Gain 


hee Classification L : 60—120 


K : 90—180 


fRE = 900MHz, fLOc = 930MHz 
Vop=10V, le =-5.0mA 
Local level = 110mV 
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TYPICAL CHARACTERISTICS (Ta = 25°C) 


hre—DC Current Gain 


150 
140 
130 
120 
110 
100 
90 
80 
70 
60 
50 


Pr—Total Power Dissipation —-mW 


1c—Collector Current —mA 

















































































































TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 
400 
<= 
E 
i 
300 5 
= 
oO 
5 
200 3 
3 
oO 
iE 
100 - 
0 25 50 75 100 125 0 0.2 04 06 0.8 1.0 
Ta—Ambient Temperature —°C Vee—Base to Emitter Voltage -V 
COLLECTOR CURRENT vs. GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR TO EMITTER VOLTAGE EMITTER CURRENT 
































ft—Gain Bandwidth Product —MHz 
















































































0 4 8 12 16 20 1.0 2.0 5.0 10 20 —50 
Vce—Collector to Emitter Voltage—V le—Emitter Current -mA 
DC CURRENT GAIN vs. OUTPUT CAPACITANCE vs. 
COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE 



















































































Cob — Output Capacitance — pF 































































































1 3 5 10 20. 30 + 50 pl 2 3. «5 10 20 30 50 
1¢—Collector Current—mA Vcs—Collector to Base Voltage —V 





bi — Susceptance — mvs 
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TYPICAL SMALL SIGNAL “Y” PARAMETERS (Common Base) 


Vip vs. f 


8» - Conductance — mij 
0 20 40 50 60 80 100 


2802353 


200 


Vce = 10V 
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bi — Susceptance 


















































Vce = 10V 
is -0.5 —0.4 


























5G. 0 +20 
81» — Conductance — mij 


Yeb vs. f 


8» — Conductance —mi 
—03 -02 —-0.1 0 
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Bop — Conductance — mij 
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CONVERSION GAIN vs. LOCAL OSCILLATOR LEVEL 


RF : 900MHz, 75dBr. 
Local : 930MHz 
Vce = 10V 


























Geb —Conversion Gain—dB 


























Local Level —dBaV 


QOOMHZ Gey Test Circuit 





O 
+B(10V) 


|—19mm—-| 


L3 9T 5mm¢ 
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NEC 


ELECTRON DEVICE 


PACKAGE DIMENSIONS 


in millimeters (inches) 





(0.15 7MIN.) 


(0.157MIN.) 2 


1, Emitter 
2. Base 

3. Emitter 
4, Collector 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC 






SILICON TRANSISTOR 
2SC2368 


MICROWAVE LOW NOISE AMPLIFIER 
NPN SILICON EPITAXIAL TRANSISTOR 


2.3dB TYP. 
17dB TYP. 


Collector to Base Voltage 


@ 500 MHz 
@ 500 MHz 


VcBo 


Collector to Emitter Voltage VcEo 


Emitter to Base Voltage 


Collector Current 


Total Power Dissipation 


Junction Temperature 
Storage Temperature 


VeEBO 
Ic 
Pr 
Tj 
T stg 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


30 V 
14 V 
3.0 V 
50 mA 
250 mW 
150 "C 
-65 to +150 i © 


TEST CONDITIONS 








Collector Cutoff Current 


Vcp =15V, Ie =0 








Emitter Cutoff Current 


Ves =2.0V, tc =0 





DC Current Gain 





Gain Bandwidth Product 


VceE=10V, Ic =10mMA 








Output Capacitance 


VceE=10V, Ic =10mMA 
VcB =10V, Ig =0, f = 1.0MHz 





Insertion Power Gain 





Noise Figure 





Maximum Available Gain 
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dB | VcE=10V, Ic=10mA, f =500MHz 





dB VcE=10V, I¢ =3mA, f =500MHz 








dB VcE=10V, i¢ =10mA, f =500MHz 





2SC2368 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


fr—Gain Bandwidth Product—GHz hrg—DC Current Gain 


C..— Output Capacitance —pF 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 



























































0.5 1 2 5 10 20 50 
!c—Collector Current— mA 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 
























































Ic—Coilector Current—mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 





















































Vcp—Collector to Base Voltage—V 
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COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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Vpe—Base to Emitter Voltage —V 


INSERTION GAIN vs. 
COLLECTOR CURRENT 
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lc—Collector Current—mA 


NOISE FIGURE vs. 
COLLECTOR CURRENT 
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Ic—Collector Current mA 





NF —Noise Figure—dB 
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NF —Noise Figure— dB 
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NF, Ga vs. COLLECTOR CURRENT 


TTT TE TTT vee=10v 
Beet f= 500MHz 
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2SC2368 


NEC 


ELECTRON DEVICE 


SILICON TRANSISTOR 


28SC2369 


MICROWAVE LOW NOISE AMPLIFIER 
NPN SILICON EPITAXIAL TRANSISTOR 


PACKAGE DIMENSIONS 


in millimeters (inches) 








(0.157MIN.) 


(0.157MIN.) 


3 


0. 
2 te ( 


+0,15 
024) 


|ARKING 


“lz oo 


A +0,05 
(0.008) 


. Collector 


NF 1.5dB TYP. 
MAG 14dB- TYP. 


ii 


10.0MIN, 
(0.394MIN.) 





@ f= 1.0GHz 
@ f =1.0 GHz 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Emitter to Base Voltage 
Collector Current 

Total Power Dissipation 
Junction Temperature 
Storage Temperature 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 












[caine owart owen | tego | | 
grew unit Gore | tego [|| 
[oe cwancin | we | | | 
[oan aman meas | +p as | | ee | 
[ ineron Powe cane | 
Piers fw | te 
[wenn awinse Gan | we [| w_| 
















Collector to Base Voltage 
Collector to Emitter Voltage 


MAX. | UNIT 
1 
| 10 | oF | vopstov, tno, #2 1.0m 
0 


[| a8 | Vor =10V, 1¢=20mA, f= 1.0682 


Vcgo 25 V 
VcEO 12 Vv 
VeBo 3.0 Vv 
Ic 70 mA 
Py 250 mW 
Tj 150 se 
Tstg -65 to +150 °C 


TEST CONDITIONS 








Vep =2.0V, Ic =0 





VcE =10V, I¢ =20mA 





VceE =10V, Ic =20mMA 


VcE =10V, Ic =20mA, f = 1.0GHz 
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TYPICAL CHARACTERISTICS (Ta = 25°C) 


OC CURRENT GAIN vs. COLLECTOR CURRENT vs. 
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Ic—Collector Current—mA Vpe—Base to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. INSERTION GAIN vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 












































o 
wn 
an 

















1So.e|? —Insertion Gain—dB 








f7—Gain Bandwidth Product — GHz 
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lc—Collector Current—mA Ic—Collector Current—mA 


OUTPUT CAPACITANCE vs. NOISE FIGURE vs. 
COLLECTOR TO BASE VOLTAGE COLLECTOR CURRENT 
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Vcp—Collector to Base Voltage—V lc—Collector Current—mA 





Cop Output Capacitance — pF 
NF —Noise Figure—dB 
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N’ E Cc ELECTRON DEVICE 


NF, Ga vs. COLLECTOR CURRENT 
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NEC | NPN SILICON TRANSISTOR 
ELECTRON DEVICE 2 Ss Cc 2 4 O 7 


DESCRIPTION The 2SC2407 is designed for UHF and VHF amplifier. 
PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES © Pour: 160 mW TYP. @ f=500 MHz, Vec=12.6 V 5.2 MAX. 


P;=5 mW (Class B) (0.205 MAX.) | 










(0.217 MAX.) 


ABSOLUTE MAXIMUM RATINGS 3 
Maximum Temperatures 2 
Storage Temperature ............. —65 to +150 °C = 
Junction Temperature .......... +150 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 2 
Total Power Dissipation. ..........--0085 600 mW 8 
Maximum Voltages and Currents (Ta=25 °C) S 
Vcso Collector to Base Voltage......... 35 V 1. BASE EIAJ :SC-43 
VcEQ Collector to Emitter Voltage....... 18 V 5 COLeecron lec Saas 
Vespo Emitter to Base Voltage ......... 3.0 V 
lc Collector Current ...........06. 150 mA 
Ig Base Current ........02 0020s 50 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC . . TEST CONDITIONS 


DC Current Gain VceE=10 V, Ic=50 mA 
Output Capacitance VcB=10 V, le=0, f=1.0 MHz 


Output Power Vcc=12.6 V, Pin=7 dBm, f=500 MHz (Class B) 
Collector Cutoff Current VcB=20 V, le=0 


Emitter Cutoff Current 5 VeB=2.0 V, !c=0 








NEC ttrcrron vevice 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION DC CURRENT GAIN vs. OUTPUT CAPACITANCE vs. 
vs. AMBIENT TEMPERATURE COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE 





In free air 
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here —OC Current Gain 
3 
Cop — Output Capacitance — pF 








Py—Total Power Dissipation —W 
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Vcop—Collector to Base Voltage—V 
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Ta~Ambient Temperature —°C bet ~Collector Current— 


MAXIMUM AVAILA SLE GAIN « PUT POWER AND COLLECTOR 
Y ug” MAXIMUM AVAILABLE GAIN vs, OUTPUT Wi 
ST RIEAL o: PARAMETERS FREQUENCY EFFICIENCY vs. INPUT POWER 
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MAG— Maximum Available Gain —dB 
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NEC 


ELECTRON DEVICE 
DESCRIPTION 28C2408 is designed for High frequency Wide Band Amplifier. 
FEATURES @ |Soye]7_ : 21 dB TYP. @200 MHz 
@ NF :2.4dB TYP. @200 MHz 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ............ —65 to +150 °C 
Junction Temperature ......... +150 °C Maximum 


Maximum Power Dissipation (Ta=25 °C) 


Total Power Dissipation. .............0. 600 mW 
Maximum Voltages and Current (Ta=25 °C) 

Veso Collector to Base Voltage......... 35 V 

Vceo Collector to Emitter Voltage ...... 18 V 

Vespo Emitter to Base Voltage.......... 3.0 V 

Ic Collector Current ..........0.4.. 150 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC 


DC Current Gain 
Gain Bandwidth Product 
Output Capacitance 


Insertion Power Gain 


Noise Figure 


Collector Cutoff Current 
Emitter Cutoff Current 


254 


NPN SILICON TRANSIS1un 


2SC2408 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.205 MAX.) 







(0.217 MAX.) 


(0.55 MIN.) 


es 

x 
= 254 3 = 
(0.05)| (0105 3 





(0.165 MAX.) 


1. BASE EIAJ :SC-43 
2. EMITTER JEDEC : TO-92 
3. COLLECTOR {EC >: PASS 


TEST CONDITIONS 


VcE=10 V, Ic=50 mA 

VcE=10 V, Ic=50 mA 

Vcg=t0 V, Ip=0, f=200 MHz 
VcE=10 V, Ic=50 mA, f=200 MHz, 
RG=50 2 

VcE=10 V, 1c=30 mA, f=200 MHz, 
Reg=50 2 

Vcp=20 V, te=0 

VeB=2.0 V, tc=0 





2SC2408 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 
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GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 
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I¢ — Collector Current —mA 


INTER MODULATION DISTORTION vs. 
COLLECTOR CURRENT 
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OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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Vcg Collector to Base Voltage —V 


NOISE FIGURE, ASSOCIATED GAIN vs. 
COLLECTOR CURRENT 
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DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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I¢ — Collector Current —mA 


INSERTION GAIN, MAXIMUM AVAILABLE 
GAIN vs. FREQUENCY 























Gmax.— Maximum Available Gain — dB 
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TYPICAL "’S’’ PARAMETER 


Vob=10 V 
Ic =50 mA 
ZQ=50 Q 











EC NPN SILICON TRANSISTOR 


ma 2SC2570A 
DESCRIPTION The 2SC2570A is designed for use in Low Noise Amplifier of 
VHF & UHE stages PACKAGE DIMENSIONS 
‘ in millimeters (inches) 
5.2 MAX, 
FEATURES © Low Noise and High Gain. aa 
NF=1.5 dB TYP. 
Vce=10 V, Ic=5.0 mA, f=1.0 GHz i; 
Ga= saptyp. YC . x13 
@ Wide Dynamic Range. 7 a 
NF=1.9 dB “1s 
f=1 GHz, Vce=10 V, lc=15 MA 
Ga= 9dB e eee a ee 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ............ —65 to +150 °C 

Junction Temperature ......... +150 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 

Total Power Dissipation ............... 600 mW 
Maximum Voltages and Current (Ta=25 °C) 

Vcpo Collector to Base Voltage .........- 25 V 

Vceo Collector to Emitter Voltage ......- 12 V 

Vepo Emitter to Base Voltage .......--- 3.0 V 

Ic Collector Current ........-.56-. 70 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC 


DC Current Gain 
Gain Bandwidth Product 
Output Capacitance 


IS21el” Insertion Power Gain 


NF Noise Figure 

MAG Maximum Available Gain 
IcBo Collector Cutoff Current 
lEBO Emitter Cutoff Current 


* The emitter and case terminal should be connected to the guard terminal of the capacitance bridge. 





14 MIN. 
(0.55 MIN.) 

















1. BASE EIAJ : $C-43 
2. EMITTER JEDEC : TO-92 
3. COLLECTOR IEC : PA33 


TEST CONDITIONS 


Vce=10 V, Ic=20 mA 

VceE=10 V, Ic=20 mA 

Veg=10 V, Ie=0, f=1.0 MHz 
Vce=10 V, Ilc=20 mA, f=1.0 GHz 
Vce=10 V, Ic=5 mA, f=1.0 GHz 
VceE=10 V, |c=20 mA, f=1.0 GHz 
Vep=15 V, Ie=0 

VeEB=2.0 V, Ic=0 


2SC2570A 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


cre 
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Ta—Ambient Temperature —°C 
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P+ —Total Power Dissipation — mW 








oO 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 























ft —Gain Bandwidth Product —MHz 





















































Ic —Collector Current—mA 


NOISE FIGURE vs. 
COLLECTOR CURRENT 
































NF —Noise Figure — dB 
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I¢ —Collector Current—mA 


IS21el2—Insertion Gain—dB 


INSERTION GAIN, MAXIMUM AVAILABLE 


Ic — Collector Current—mA 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 










































































Vee —Base to Emitter Voltage—V 


INSERTION GAIN vs. 
COLLECTOR CURRENT 

















t¢ —Collector Current—mA 


GAIN vs. FREQUENCY 


umax.— Maximum Available Gain — dB 


1$21el2—Insertion Gain—dB 
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f —Frequency— GHz 


hfe —DC Current Gain 
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DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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I¢ — Collector Current —mA 


OUTPUT AND INPUT 
CAPACITANCE vs. REVERSE VOLTAGE 
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VEB—Enmitter to Base Voltage —V 


Vcg—Collector to Base Voltage—V 


INSERTION GAIN, MAXIMUM AVAILABLE 
GAIN vs. FREQUENCY 


Gmax.— Maximum Available Gain ~ dB 


ISo1el2—Insertion Gain —dB 
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TYPICAL “S” PARAMETERS 
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PRELIMINARY SPECIFICATION 
NPN SILICON TRANSISTOR 


2$SC2737 





NEC 


ELECTRON DEVICE 





DESCRIPTION The 2SC2737 is designed for Low Noise Amplifier of 


VHF & UHF band. PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 





FEATURES ® Low Noise and High Gain 


NF =1.2 dB TYP. 
Ga=9.0 dB TYP. 


® Wide Dynamic Range 


Vce =8 V, lc =5 mA, f= 1.0 GHz 


x 
<= 
= 
ay 
wo 


(0.216 MAX.) 


NF = 1.65 dB = = e 
Ga=10 dB Vce=8 V, Ic =20 mA, f= 1.0 GHz 


12.7 MIN. 
(0.5 MIN.) 


ABSOLUTE MAXIMUM RATINGS 





Maximum Temperatures x x 
Ss = 
Storage Temperature .............0005 —65 to +150 °C 98 
Junction Temperature ...........-5. 150 °C Maximum s 
. Fe eee a ° 
Maximum Power Dissipation (Ta=25 ~C) i-@ase Sagi Awees 
Total Power Dissipation ..............000 2 eee 600 mW 2, EMITTER JEDEC : TO-92 
; : 3.COLLECTOR IEC :PA33 
Maximum Voltages and Current (Ta=25 “C) 
Vcso Collector to Base Voltage ............... 20 V 
Vceo Collector to Emitter Voltage ........... .. 10 V 
Veso Emitter to Base Voltage ................ 3.0 V 
le Collector Current .... 2... ...0 0.2 eeaee 80 mA 


ELECTRICAL CHARACTERISTICS (Ta =25 °C) 
SYMBOL CHARACTERISTIC : . TEST CONDITIONS 


DC Current Gain Vce=8 V, Ic¢=20 mA 
Gain Bandwidth Product Vce=8 V, Ic=20 mA 
Output Capacitance A Vcp=10 V, te =0, f= 1.0 MHz 


Insertion Power Gain . Vce=8 V, !¢=20 mA, f =1.0 GHz 
Noise Figure : VceE=8 V, Ic=5 mA, f=1.0 GHz 
Collector Cutoff Current . Vcp=10 V, le =0 

Emitter Cutoff Current A Vep=1V, Ic=0 





“The emitter should be connected to the guard terminal of the capacitance bridge. 





2SC2737 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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oe 


Cob— Output Capacitance —pF 
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Vop- Collector Base Voltage —V 


NOISE FIGURE vs, FREQUENCY 


pet tH Vor=8 V 


Ic=5 mA 









NF —Noise Figure —dB 
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f —Frequency —GHz 


S PARAMETER 


NOISE FIGURE vs. 
COLLECTOR CURRENT 


6 pee Sete a 
f=1.0 GHZ 






NF —Noise Figure —dB 
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INSERTION GAIN vs, 
COLLECTOR CURRENT 
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le —Collector Current —mA 


MAG— Maximum Available Gain — dB 
ISojel?—Insertion Gain —dB 
3 


NEC ELECTRON DEVICE 


GAIN vs. FREQUENCY 
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NEC 


ELECTRON DEVICE 


DESCRIPTION The 2SC2869 is designed for Low Noise Amplifier of 
, VHF & UHF band. _ 


FEATURES | @ Low Noise and High Gain 


NF =1.2 dB TYP. 
Ga= 10.5 dB TYP. 


@ High Power Gain 


MAG = 16.5 dB TYP. 
Voce =8 V, Ic =20 mA, f=1.0 GHz 


Vce =8 V, Ic =5 mA, f=1.0 GHz 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature ...........0000005 ‘-65 to +150 °C 
Junction Temperature ................ 150 °C Maximum 
‘Maximum Power Dissipation (Tc= 130 °C) 
Total Power Dissipation is ersbrcss diate tees gitas wheal alate eteeetas 8 400 mW 
Maximum Voltages and Current (Ta=25 °C) 
Vcso Collector to Base Voltage .............--- 20 V 
Vceo Collector to Emitter Voltage ............-. 10 V 
Veso Emitter to Base Voltage ............6.4.. 3.0 V 
Ic Collector Current 1.0.0... . cece eee eee 80 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC 


DC Current Gain 

Gain Bandwidth Product 
Output Capacitance 
Insertion Power Gain 
Noise Figure 


Collector Cutoff Current 
Emitter Cutoff Current 


NPN SILICON TRANSISTOR 


PRELIMINARY SPECIFICATION 






2SC2869 





PACKAGE DIMENSIONS 


in millimeters (inches) 





4.0MIN. 
(0.158 MIN.) 


10.0 MIN. 
* (0.394 MIN.) 


25 MAX. 
(0.098 MAX.) 


. EMITTER 

. BASE 

. EMITTER 

. COLLECTOR 





TEST CONDITIONS 


VcE=8 V, Ic =20 mA 

VcE=8 V, ic=20 mA 

Vcp= 10 V, le =0, f= 1.0 MHz 
Vce=8 V, Ic =20 mA, f=1.0 GHz 
Vce=8 V, Ic=5 mA, f=1.0 GHz 
Vcop=10 V, le =0 

VeBp=1.0 V, Ic =0 





*The emitter should be connected to the guard terminal of the capacitance bridge. 


ned 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


400 





Py —Total Power Dissipation —mW 
8 
o 


0 50 


NOISE FIGURE vs, FREQUENCY 


NF —Noise Figure —dB 


S PARAMETER 


100 150 
Ta—Ambient Temperature —°C 


1.0 1.5 2.0 
f — Frequency — GHz 


PIN | | To With infinite heat sink ~ 


Ren(j —c)=50 "C/W 





MAG —Maximum Available Gain — dB 


NOISE FIGURE vs. 
COLLECTOR CURRENT 
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Ic —Collector Current —mA 


GAIN vs. FREQUENCY 
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2SC2869 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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TENTATIVE SPECIFICAI ION 







NEC 


ELECTRON DEVICE 


SILICON POWER TRANSISTOR 


NT340 


HIGH VOLTAGE MEDIUM POWER 
NPN SILICON TRIPLE DIFFUSED TRANSISTOR 





DESCRIPTION 


Suitable for line-operated switching regulators and DC-DC converters. 


FEATURES 





PACKAGE DIMENSIONS 


in millimeters (inches) 


@ High Collector-Emitter Sustaining Voltage. 
@ High Power Dissipation Capability in Small Package. 
(0.336 MAX) 2.8 MAX. @ Equivalent to MJE340. 


(0.11 MAX.) 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Currents (Ta= 25 °C) 











FE Collector to Emitter Voltage VcEo 300 Vv 
sia Emitter to Base Voltage VeRO 5.0 Vv 
: Continuous Collector Current Ic(pc) 500 mA 
Peak Collector Current Ic (pulse) 1000 mA 
Continuous Base Current IB(DC) 250 mA 
acne Maximum Power Dissipations 
Reema Total Power Dissipation (Ta=25 °C) Py 1.0 W 
seit (Cc) Total Power Dissipation (Tc =25 °C) Py 20.8 Ww 
. Fin (Collector) Maximum Temperatures 
Junction Temperature Ty 150 °c 
Storage Temperature Teta -65 to+150 °C 


Thermal Resistance 
Junction to Case Rthij-c) 6.0 °C/W 
*Pulsed PW £300 us, duty cycle <10 % 








IN 1 OSU 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


Collector to Emitter Sustaining Voltage | Vceo(sus) 


NEC ttectron vevice 





TEST CONDITIONS 


IC=1.0 mA, Ip=0 





Collector Cutoff Current ICBO 


Vcg=300 V, IE =0 





Emitter Cutoff Current | leBo 


Vep=3.0 V, Ic=0 





DC Current Gain ae hFE 


VceE=10 V, Ic =50 mA* 








Collector Saturation Voltage VCE (sat) 





Base Saturation Voltage 


Turn On Time 


ae 
ratte eo 


* Pulsed PW $350 us, duty cycle $2 % 














I¢=100 mA, !g=10 mA* 


I¢=0.3 A, ly =lp2=60 mA, 
Vec=150 V, R_ =500 2, 
PW=50 us, duty cycle=2 % 


TENTATIVE SPECIFICATION 
NEC SILICON POWER TRANSISTOR 


ELECTRON DEVICE N T 3 5 O 


HIGH VOLTAGE MEDIUM POWER 
PNP SILICON TRIPLE DIFFUSED TRANSISTOR 








DESCRIPTION 
Suitable for DC-DC converters, line-operated Switching regulators and PDP. 





FEATURES 





PACKAGE DIMENSIONS 


feertillienetere: menos) ® High Collector-Emitter Sustaining Voltage. 


® High Power Dissipation Capability in Small Package. 










8.5 MAX. 
eect 2.8 MAX. @ Equivalent to MJE350. 
¢é oy (0.11 MAX.) 
( ¢ 0.426) 
nx are 
SUR) az AR: 
on) BS ABSOLUTE MAXIMUM RATINGS 


12.0 MAX. 
{0.472 MAX.) 










Maximum Voltages and Currents (Ta= 25 °C) 




















ina HA 4 Collector to Emitter Voltage VcEO ~300 Vv 
#8 fe Emitter to Base Voltage VeBO —5.0 Vv 
0 *9-08 i Continuous Collector Current Ic(pe) —500 mA 
(0.031) TI ee Peak Collector Current Ic(pulse) * — 1000 mA 
2.3 2.3 : 
(0.091) (0.091) Continuous Base Current IB (Dc) —250 mA 
{$$$} Maximum Power Dissipations 
1. Emitter (E) Total Power Dissipation (Ta=25 °C) Py 1.0 Ww 
2. Collector (C) Bott ad ° 
3. Base (B) Total Power Dissipation (Tc=25 C) Pr 20 W 
4. Fin (Collector) . 
Maximum Temperatures 
Junction Temperature Tj 150 is 
Storage Temperature Tstg —65 to +150 °C 


Thermal Resistance 
Junction to Case Rth(j-c) 6.25. °C/W 


* Pulsed PW < 300 us, duty cycle <10 % 





NT350 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL | MIN. | 


Collector to Emitter Sustaining Voltage VcEo(susS) ~300 
Collector Cutoff Current IcBo 















Emitter Cutoff Current 
DC Current Gain 





Collector Saturation Voltage 





oe ae 
| Vecist) | 


Base Saturation Voltage 





«Pulsed PW = 350 us, duty cycle S2 % 


we Ds 
Ltd 
4 
ed 
aad 
ral 


N E ELECTRON DEVICE 











TEST CONDITIONS 
Ic¢=—-1.0 mA, Ig=0 
—100 Vcp=—300 V, Ip=0 


VeB=—3.0 V, Ic=0 
VceE=—10 V, |c¢=—-50 mA* 














I¢=—100 mA, Ip=—10 mA* 








SILICON POWER TRANSISTOR 


NEC 
ELECTRON DEVICE NTA9S59 


HIGH SPEED HIGH CURRENT SWITCHING 
PNP EPITAXIAL TRANSISTOR 





Industrial Use 


DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 





FEATURES 


PACKAGE DIMENSIONS @ High speed switching. 
in millimeters (inches) @ Low collector saturation voltage. 
@ Specified of reverse biased S.0.A. with inductive loads. 


@25MAX. 
(p0.384MAX,) 









22. 5MAX. 


3.5MAX. 
(0.138MAX.) 





ABSOLUTE MAXIMUM RATINGS 





Maximum Voltages and Currents (Ta = 25°C) 


9.5MAX. 
(0.374MAX.) 













é ou os 3 g Collector to Emitter Voltage VCEX -100 V 
40MAX, =e Collector to Emitter Sustaining Voltage VCEO(SUS) ~100 V 
_ Collector to Emitter Sustaining Voltage VCEX(SUS) -100 Vv 
32 Emitter to Base Voltage VEBO -7.0 Vv 
2 Se arcrisae as Continuous Collector Current Ic (DC) -15 A 
3 Peak Collector Current” IC (pulse) ~30 A 
502 402 Continuous Base Current 1B(DC) ~5.0 A 
i a Peak Base Current* 1B (pulse) -10 A 
2. Emitter 
3. Collector (Case) Maximum Power Dissipations 
EIAJ :TC-3.7B-3 Total Power Dissipation PT (Tc=25°C) 150 Ww 
JEDEC:TO-3 Total Power Dissipation PT (Tc=100°C) 86 Ww 
IEC :C14A,B18 
Total Power Dissipation PT (Ta=25°C) 5 Ww 
Maximum Temperatures 
Junction Temperature Tj 200 2¢ 
Storage Temperature Tstg -65 to +200 °C 
Lead Temperature 
1/8 inch from case for 10 seconds TL - 260 "¢ 
Thermal Resistances 
Junction to Case Rth(j-c) 1.17. °C/W 
Junction to Ambient Rth(j-a) 35 °C/W 


* Pulsed PW <300yus, duty cycle < 10% 


NTA959 


NEC ezectaon vevice 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


CHARACTERISTIC 


SYMBOL 


TEST CONDITIONS 





Collector to Emitter 


Table 1. I¢ = -10A, Ig1 =-1.0A, L =50 UH 





Sustaining Voltage 


SCEOCGUS)! 
VcEx(sus) 


‘| Table 1. Ic =-10A, Igy = -Ig2 = -1.0A 


Veclamp = Rated Vcex, Ta = 125°C 





VCEX(SUS)2 


Table 1. Ic =-20A, Ig4 = -2A, Iga = -1.0A 
Velamp = Rated VCEX, Ta = 125°C 





Collector Cutoff Current | 


+ 


ICER 


VceE =-100V, Ree = 5002, Ta = 125°C 





ICEX 


Voce = -100V, Vee(oFF) = 1.5V 





ICEX 


VceE = -100V, VBE(OFF) = 1.5V 
Ta = 125°C 





Emitter Cutoff Current 


'EBO 


Veg =-7.0V, Ic =0 





Second Breakdown Collector Current 


's/B 


t=1.0s, VcE = -20V, Tc = 25°C 





Second Breakdown Energy 


Es/p 


Ic = -10A, Ig1 =-1A, VBE(OFF) =5V 





DC Current Gain 


hee 


Vce =-5V, Ic =-5A ** 





hFE2 


VcE =-5V, IC =-10A ** 





Collector Saturation Voltage 


t 


—T 
VCE(sat) i 





1 4¢@=-10A, 1B =-1.0A ** 





+ 


VCE(sat) 


, Ic = -10A, Ig = -1.0A, Ta = 125°C ** 





Base Saturation Voltage 


VBE(sat) 





VBE(sat) 


4. 


Hl Ic = ~10A, Ig = ~1.0A: *% 





‘Ic =-10A, Ip = -1.0A, Ta = 125°C ** 





Gain Bandwidth Product 


fr 


VCE=-10V, Ic=-500MA, f9=3.0MHz, Tc=25°C 





Output Capacitance 


| Vop =-10V, fo = 1.0 MHz 





Delay Time 





Rise Time 


Resistive Load (Table 1.) _ 











Storage Time 


+. 


SS 


Ta = 125°C Ic = -10A, |Bi = -!B2 = -1.0A 
~ RL =5.02,Vec = -50V 











Fall Time 




















Ta=125°C PW= 50us, duty cycle < 2% 


Ta = 125°C 


** PWS 350 Us, duty cycle $2% 


TABLE 1. — TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEO (SUS) 


VCEX (SUS) 


RESISTIVE SWITCHING 





—= VEE ~10V 


INPUT 
CONDITIONS 


2 


PW Varied to Attain ic =-10A 


Resi 


= VEE ~10V — VBE(OFF) ~5V 
2 


PW Varied to Attain I¢ =-10A duty cycle S2% 4 = 2SC1869 





Leoil = 50HH, Voc =-10V 
Reoil = 0.0522 
Velamp (Unclamped) 





ER 
2D 
O7 
ae 
o> 


Legit = 180 LH, Voc =-20V 
Reoit = 0.22 
Veclamp = Rated Vcex Value 


Leoil = 40 HH, Vcc =-10V 
Reoil = 0.05Q, Rgpz = 5082 
Velamp (Unclamped) 


R,_ = 5.52, Voc=-50V 





INDUCTIVE TEST CIRCUIT 


TEST CIRCUITS 


D1=F114F D2 =6FH4S 


OUTPUT WAVEFORM 


tt Clamped 


ty Adjust to 
vit Unclamped 


Obtain iC 


i Leoit IC pk) 
: Vcc 


— Leoil (Ic pk) 
Velamp 








RESISTIVE TEST CIRCUIT 


NEC erectron evice 


TYPICAL. CHARACTERISTICS (Ta=25°C) 


REVERSE BIAS SAFE OPERATING AREA 


{c—Collector Current—A 




















Voe—Collector to Emitter Voltage —V 


DERATING CURVE OF FORWARD BIAS SAFE 
OPERATING AREA 


dT—Forward Bias SOA Derating— % 





0 50 100 150 200 250 


—Case Temperature —°C 


COLLECTOR CURRENT vs. COLLECTOR TO 
EMTTER VOLTAGE 








le—Collector Current—A 












































0 -1 -2 3 4 5 
Vcoe—Collector to Emitter Voltage—V 





I¢—Collector Current—A 


rth(j—c)—Transient Thermal Resistance —°C/W 


hee—DC Current Gain 


NTA959 


FORWARD BIAS SAFE OPERATING AREAS 














“1-2 —5 -10 -20 —50 -100 
Voe—Collector to Emitter Voltage—V 


TRANSIENT THERMAL RESISTANCE 





PW—Pulse With—ms 


DC CURRENT GAIN vs. COLLECTOR CURRENT 


























































































































1 
0.02 —0.05 —0.1 —0.2 0.5 —1 2 5 —10 —20 
—Collector Current—A 





NTA959 NEC crectron-vevice 


BASE AND COLLECTOR SATURATION TURN ON TIME, STORAGE TIME AND FALL TIME 
VOLTAGE vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT 
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gf seas Kea 
#8 seo 
ae ae SS 
Sc ae =, 
5 3 E= aa een aD 
28 EF S 05-—_| Pye 
os col Gas a 
on TRE go ae ae a 
o 8 €or ~ 
a8 sEe ag 
3 a ros = Ps 
aeae Lowey = aaa 
= 8 3s -— 
3 So aati i = 
Ww wa 
2 0. aed == 

; . i 
~0.02 —0.05 -—0.1—0.2 -0.5 -1 ~—2. -—5 —10 —20 oo ae 


—0.1 —0.2 MI iL —2 —10 


le —Collector Current—A —Collector Current—A 


NEC SILICON POWER TRANSISTOR 
ELECTRON DEVICE - | 7 NTAT1 008 


HIGH SPEED HIGH CURRENT SWITCHING 
PNP SILICON EPITAXIAL TRANSISTOR 


DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


PACKAGE DIMENSIONS FEATURES 
in millimeters (inches) @ High speed switching. 


10.7MAX. ; e i 
Sq WarIMAX) Low collector saturation voltage. 
pa $3.64 0.2 





(0.051) 


4.9MAX. 
me ead taco © Specified of reverse biased SOA with inductive loads. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Currents (Ta=25°C) 


Industrial Use 


oe Collector to Emitter Voltage VCEX —100 Vv 
tos zs ae oy Collector to Emitter Sustaining Voltage VCEQ(SUS) —100 Vv 
{0.1} {0.1} 
| Collector to Emitter Sustaining Voltage VcEex(sus) —100 Vv 
Emitter to Base Voltage VEBO —7.0 Vv 
oe ae . Continuous Collector Current IC(DC) —2.0 A 
Reade Peak Collector Current : IC(pulse) * —4.0 A 
JEDEC: TO-220A8 Continuous Base Current 1B(DC) —1.0 A 
Maximum Power Dissipations 
Total Power Dissipation PT (Tc=25 °C) 40 Ww 
Total Power Dissipation PT(Tc=100°C) 16 w 
Total Power Dissipation PT (Ta=25°C) 2.0 W 
Maximum Temperatures 
Junction Temperature Tj 150 °C 
Storage Temperature Tstg —55to+150 °C 
Lead Temperature 
1/8 inch from case for 10 seconds TL 260 °C 
Thermal Resistances 
Junction to Case Rth(j-c) 3.13 °C/W 
Junction to Ambient Rth(j-a) 62.5 °C/W 


* Pulsed PW<300#s, duty cycle < 10% 





NTA1008 NEC sectron pevice 


ELECTRICAL CHARACTERISTICS (Ta=25°C unless otherwise noted.) 


CHARACTERISTIC , SYMBOL min, | Tye. | MAX. UNIT TEST CONDITIONS 
Collector to Emitter =| VCEQ(SUS) foo fs | |v ic=—1.0A, |g=—0.10A, L=1mH 


Sustaining Voltage 
VCEX(SUS)1 V Ic=—1.0A, Ip1=—182=-0.14, 
VBE(OFF)=5V, L=180pH *1 
Ta=125°C 
VCEX(SUS)2 IC=—2A, 1B1=—0.2A, 1B2=0.10A, 
VBE(OFF)=5V, L=180uH*2 
Ta=125°C 


Collector Cutoff ICEX1 an ae CE VcCE=—100V, VBE(OFF)=1.5V 


Current 
ICEX2 VcE=—100V, VBE(OFF)=1.5V 
Ta=125°C 


Emitter Cutoff VEB=—5.0V, Ic=0 
Current 

Second Breakdown IS/B —0.75 A VcE=—20V, t=1sec, Tc=25°C 
Collector Current 

Second Breakdown ES/B pd IC=—1.0A, Ig1=—0.1A, VBE (OFF) 
Energy = 5V Rep = 502, L=80uH 


DC Current Gain hFE1 fo | ff VcE=—-5.0V,Ic=-0.1A *3 


oe 
Voltage 
Ic=—-1.0A,IB=—-0.10A  *3 
Voltage 


Gain Bandwidth VCE=—10V, lc=—50mA, f=3MHz 
Product. 


ar on oe 
: oe [e 

Ic=—1.0A, 1B1=—!B2=—-0.1A 
oe 

VBE(OFF)=9.0V, RL =502 


*1 VCE clamped Vclamp = ~100V 
-*2  Vceclamped  Vclamp =—100V 
*3. Pulsed PW$350ys, duty cycles 2% 





1n 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25°C) 


TOTAL POWER DISSIPATION vs. 
CASE TEMPERATURE 


60 
50 
40 
30 
20 
10 


IN 
0 50 100 150 














Py — Total Power Dissipation — W 




















Tc — Case Temperature — °C 


DERATING CURVE OF SAFE OPERATING 
AREAS 








dT — Percentage of Rated Current — % 




















0 50 100 
Tc — Case Temperature — °C 


150 


REVERSE BIAS SAFE OPERATING AREAS 











I¢ — Collector Current —A 




















—120 
Vce — Collector to Emitter Voltage — V 


11. 


I¢ — Collector Current — mA 


i¢ — Collector Current — A 





Rth(j—C) — Thermal Resistance — °C/W 


NTA1008 


FORWARD BIAS SAFE OPERATING AREAS 



































































































































—-1 -—2 -5 -10—-20 -—50 —100 —200 


VceE — Collector to Emitter Voltage — V 


TRANSIENT THERMAL RESISTANCE 




















































































































10 20 50 100 
PW — Pulse Width —ms 


COLLECTOR CURRENT vs. COLLECTOR TO 
EMITTER VOLTAGE 






































0 “1 —2 —3 —4 —5 
Vce — Collector to Emitter Voltage — V 


NTA1008 


DC CURRENT GAIN vs. COLLECTOR 
CURRENT 








hee — OC Current Gain 





















































—0.002 —0.005 -0.01—0.02—0.05 —0.1—-0.2—-0.5 —1.0—2.0 
le — Collector Current —A 


TURN ON TIME, STORAGE TIME AND FALL 
TIME vs. COLLECTOR CURRENT 


Ic=10-1g7=—10-IB2 
































ton — Turn On Time — xs 
tstg — Storage Time — us 
toff — Fall Time — us 























—0.02 —0.05 -0.1 -0.2 —0.5 -1.0 —2.0 
I¢ — Collector Current — A 


SWITCHING TIME (ton, tstg, tf) TEST CIRCUIT 


Ry, =502 


PwW250us 
duty cycle$2% Vep25.0V 


VCE({sat) — Collector Saturation Voltage — V 


VBE (sat) — Base Saturation Voltage — V 
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NEC ELECTRON DEVICE 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


——— 
= 2 
a 


|| 


Ph || 











PETA TT TTT 








—0.002 —0.005—0.01—0.02—0.05—0.1—-0.2 —0.5—1.0 —2.0 
I¢ — Cotlector Current —A 


















































\p2 
'B1 





ton tstg tf 


NEC SILICON POWER TRANSISTOR 
ELECTRON DEVICE NTA 01 O 


HIGH SPEED HIGH CURRENT SWITCHING 
PNP SILICON EPITAXIAL TRANSISTOR 


Industrial Use 


DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


PACKAGE DIMENSIONS FEATURES 


in millimeters (inches) @ High speed switching. 


10,7MAX, ® Low collector saturation voltage. 
t= (0.421MAX.,) 
of $3.64 0.2 


4.9MAX. 
&= Pio (0.142) [pe @ Specified of reverse biased SOA with inductive loads. 





1,340.2 
{0.051) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Voltages and Currents (Ta=25°C) 


(e051) (eae Collector to Emitter Voltage VCEX —100 V 
ping ae Collector to Emitter Sustaining Voltage VCEO(SUS) —100 V 
fa fon Collector to Emitter Sustaining Voltage VCEX(SUS) —100 V 
bead Emitter to Base Voltage VEBO -—7.0 Vv 
1. Base (B) Continuous Collector Current IC(DC) —7.0 A 
A emir ie Peak Collector Current IC(pulse) * —15 A 
oes icac Continuous Base Current iB(DC) —3.0 A 
Maximum Power Dissipations 
Total Power Dissipation PT(Tc=25°C) 65 Ww 
Total Power Dissipation PT(Tc=100°C) 26 WwW 
Total Power Dissipation PT(Ta=25°C) 2.0 WwW 
Maximum Temperatures 
Junction Temperature Tj 150 °C 
Storage Temperature Tstg —55to+150 °C 
Lead Temperature 
1/8 inch from case for 10 seconds TL 260 °C 
Thermal Resistances 
Junction to Case Rthij-c) 1.92 °C/W 
Junction to Ambient Rth(j-a) 62.5 °C/W 


* Pulsed PW<300us, duty cycle ¢10% 





NTA1010 NEC trectron vevice 


ELECTRICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted.) 


CHARACTERISTIC SYMBOL jamin. | ve. | Max. UNIT TEST CONDITIONS 
sonal [ | [cam omvis 


c=—5.0A,1B1=—IBp2=—0.5A,VBE(OFF) 
ne L=180uH, Ta=125°C *1 











Collector to Emitter 
Sustaining Voltage 





ic=—10A, |p1=—1.0A, |1p2=0.5A, 
VBE(OFF)=V, L=180pH,”2 
Ta=125°C 
















Collector Cutoff 
Current 










VcCE=—100V, VBE(OFF)=1.5V, 
Ta=125°C 


mA 
fice | VCE=—100V, RBE=100Q, Ta=125°C 
Emitter Cutoff Current Hees] VEB=—5.0V, Ic=0 
= t= 
Collector Current 


=5V, ReR=502, L=10HH 


Ca 














Second Breakdown 
Energy 












DC Current Gain 


hFE2 VcE=—-5.0V,Ic=-5.0A *3 


















Collector Saturation 
Voltage 


VCE (sat) 













Ic=—5.0A, Ip=—0.5A *3 


eo a om 
VcB=—10V, IE=0, f1MHz 


Ic=—5.0A, [g1=—IB2=—0.5A 









Base Saturation 
Voltage 





VBE(OFF)=8V, RL=10Q , Vec®—50V 


*1 VCE clamped Vclamp = —100V 
*2 VCE clamped Vclamp = —100V 
*3 Pulsed PW <$350us, duty cycles 2% 


4A a 


NEC tcecrron oevice NTA1010 


TYPICAL CHARACTERISTICS (Ta=25°C) 


TOTAL POWER DISSIPATION vs. 
CASE TEMPERATURE 


SAFE OPERATING AREA 


80 
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Tc — Case Temperature — °C Vce — Collector to Emitter Voltage — V 


DERATING CURVE OF SAFE 















































































































































































































































OPERATING AREAS TRANSIENT THERMAL RESISTANCE 
Ne VcE=20V 
= AT}=50°C 
x O +—t T T 
| 100 f { il 
§ g tl 
5 S 
3 80 & 10 
8 fd 
© s t 4 
= 60 E + 4 
2 a 
® = THI TTT 
© - 
6 40 1 04 
° oO 
od | 
Qa => 
| a= 
kb 20 o + +t ui 4 . 
xe) + 
{ mM \ 
0.01 
0 50 100 150 0.01 0.1 1 10 100 
Tc — Case Temperature — °C PW — Pulse Width — ms 


COLLECTOR CURRENT vs. COLLECTOR TO 
REVERSE BIAS SAFE OPERATING AREAS EMITTER VOLTAGE 




































































DY oO 

“(Tir 
{ <x 
| | 
~ aod 
5 
5 E 
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8 S 
28 8 
rs} 8 
| | 
2 oO 

0 -20 -40 -60 -80 -100 -120 —140 0 ~3 —2 3 4 5 


a itter Vol = 
MGR i Caligesot 10 Ermer eehage Vcr — Collector to Emitter Voltage ~— V 


ton — Turn On Time —us 


NTA1 01 ‘¢] NEC ELECTRON DEVICE 


BASE AND COLLECTOR SATURATION 




































































































































































































































































DC CURRENT GAIN vs. COLLECTOR CURRENT VOLTAGE vs. COLLECTOR CURRENT 
—1000 
Vce=—5.0V > 
3 > 
Dm 
£ | 
5 —100 ss 
€ Se 
2 22 
- oO ~ 
3 os 
Y 8% 
oO own 
i: Om 
= Ii 
35 
ww 
om 
>> 
1 
0.01 : ; —0.01 —0.1 —1.0 -10 
I¢ — Collector Current — A tc — Collector Current —A 
TURN ON TIME, STORAGE AND FALL TIME 
vs. COLLECTOR CURRENT 
Sconces cman CS ME os 
eS 
n 
3 
a 
E | 
- 2 
» & 
gr 
&o 
a 
1 | 
4 
BS 



























































Ic — Collector Current —A 


SWITCHING TIME (ton, tstg, tf) TEST CIRCUIT 





RL=102 
IB2 
Ig 

a PW e B14 

oT Ic 10% 
Ic 

PW= 50us se 90% 

duty cycleS2% Vea=s¥ 





ton tstg tf 


an 


NEC SILICON POWER TRANSISTORS 
ELECTRON DEVICE NTA1 069,NTA1 O69A 


HIGH SPEED HIGH CURRENT SWITCHING 
PNP SILICON EPITAXIAL TRANSISTOR 


DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


PACKAGE DIMENSIONS FEATURES 







in millimeters (inches) @ High speed switching. 
ee nie @ Low collector saturation voltage. 
Se 3.64 0.2 
és (60.142) 


(0.051) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Voltages and Currents (Ta=25°C) 


. | 15.9MAX. 


0.6520.1 
(0,026) 


| 
6.4MAX. 
=o 
12.5M IN. 





1.34 0.2~-#§ 
(0.051) | Collector to Emitter Voltage 


0.75+0.1 x6 


OO ta ea (0 1021 Collector to Emitter Sustaining Voltage 
cal Collector to Emitter Sustaining Voltage 
Emitter to Base Voltage 
Sal Continuous Collector Current 
Pa Peak Collector Current 


SEDEC: 1O:220A8 Continuous Base Current 


Maximum Power Dissipations 
Total Power Dissipation 


Total Power Dissipation 


Maximum Temperatures 
Junction Temperature 
Storage Temperature 
Lead Temperature 


1/8 inch from case for 10 seconds 


Thermal Resistances 
Junction to Case 


Junction to Ambient 


4.9MAX., 
ie © Specified of reverse biased SOA with inductive loads. 


Industrial Use 


NTA1069 NTA1069A 


VCEX 
VCEO(SUS) 
VCEX(SUS) 
VEBO 
IC(DC) 
IC(pulse) * 
IB(DC) 


PT (Tc=25°C) 
PT (Ta=25°C) 


Tj 
Tstg 


Th 


Rth(j-c) 
Rth({j-a) 


* Pulsed PW $300us, duty cycle 10% 


—80 —80 
—60 —~80 
—60 —80 
—12 —12 
—5.0 —5.0 
—10 —10 
—2.5 —2.5 
50 
2.0 
150 
—55 to +150 
260 
2.5 
62.5 


mrPPrr< <<< 


== 


°C 
°C 


°C 


°C/W 
°C/W 





NTA1069,NTA1069A NEC srectron oevice 


ELECTRICAL CHARACTERISTICS (Ta=25°C unless otherwise noted.) NTA1069 / NTA1069A 


CHARACTERISTIC | SYMBOL | MIN. UNIT TEST CONDITIONS 
VCEO(SUS) aa Ic=—1.0A, lBp=—0.10A, L=1mH 


VCEX(SUS)1 V Ic=—3.0A, 1B1=-IB2=—0.3A , 
VBE(OFF)=5V, L=180pH *1 
Ta=125°C 
Vcexisus)2|~ “go Vv | Ic=—6.0A, 1p1=—0.6A, 182=0.34, 
VBE(OFF)=5V, L=180uH*2 
Ta=125°C 
re ee 



















Collector to Emitter 
Sustaining Voltage 











Collector Cutoff 
Current 










Ta=125°C 


ICER mA |VcE=—60/—80V ,RBE=512, Ta=125°C 
Emitter Cutoff lEBO —10 pA VeEB=—5.0V, Ic=0 
Current 
Es/B 180 wd ICc=—3.0A, [B1=—0.3A, VBE (OFF) 
= 5V,.Rep = 502, L=40uH 


Ce 
ref] | | Meee sovienaak 


Output Capacitance ee VcBp=—10V, IE=0, f=1MHz 



















Second Breakdown 
Collector Current 

















Second Breakdown 
Energy 





DC Current Gain *3 


























Collector Saturation 
Voltage 





Ic=-3.0A, Ip=—0.3A *3 






Base Saturation 
Voltage 








Gain Bandwidth 
Product 


VCE=—10V, Ic=—50mA, f=3MHz 








Turn On Time ys 


cee 
Se ee 
cee 


Ic=—3.0A, IB1=—IB2=—-0.3A 






VBE(OFF)=9.0V, RL = 17 
‘Vec®—50V 


Cob 

ton 
ee 
*1 VCE clamped Vclamp = —60/—80V 
*2 VCE clamped Vclamp = —60/—80V 


*3 Pulsed PWS350us, duty cycles 2% 
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NEC ttectron vevice NTA1069,NTA1069A 


TYPICAL CHARACTERISTICS (Ta=25°C) 


TOTAL POWER DISSIPATION vs. SAFE OPERATING AREA: 
CASE TEMPERATURE 


oa 
Oo 
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Py —-Total Power Dissipation — W 


I¢ — Collector Current — A 


























, === 
0.03 Single Pulse 


Vce — Collector to Emitter Voltage — V 


ie) 
-25 O 50 100 150 
Tc — Case Temperature — °C 





DERATING CURVE OF SAFE TRANSIENT THERMAL RESISTANCE 
OPERATING AREAS 












































dT — Percentage of Rated Current — % 






























































9th(j—C) — Thermal Resistance — °C/W 

















50 100 150 POs ; , 10 
Tc — Case Temperature — °C PW — Pulse Width — ms 
REVERSE BIAS SAFE OPERATING AREAS COLLECTOR CURRENT vs. COLLECTOR TO 
EMITTER VOLTAGE 


Yai 
































Ic — Collector Current —- A 
ic — Collector Current —A 



































VcE — Collector to Emitter Voltage — V Vce — Collector to Emitter Voltage — V 


1a 


NTA1069,NTA1069A 


DC CURRENT GAIN vs. COLLECTOR CURRENT 







hee — DC Current Gain 


TURN ON TIME, STORAGE TIME AND FALL TIME 














Pulsed 





VcE=—5.0V 
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—0.01 -0.05—-0.1 




















-0.5~1 


Ice — Collector Current —A 


vs. COLLECTOR CURRENT 


ton — Turn On Time ~ us 
— Storage Time — us 
Fall Time — ys 


tstg 
toff — 


= 
aan ese ome 
a et 
a oe 
— 
ee ee 
on ae 
or es Bi 
0.01 


10 SS 





tc — Collector Current —A 
































VBE (sat) — Base Saturation Voltage — V 
VCE(sat) —Collector Saturation Voltage — V 


SWITCHING TIME (ton, tstg, tf) TEST CIRCUIT 


a 


VIN 


PW250us 
duty cycle$2% 





Vecz—50V 


2n 


NEC flecrnow DEVICE 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


Le 
jo) 
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—0.5 -1 
I¢ — Collector Current —A 


—0.05—-0.1 











ton tstg tf 


TENTATIVE SPECIFICATION 


SILICON POWER TRANSISTOR 
~ NTA1071(V126) 


HIGH SPEED HIGH CURRENT SWITCHING 
PNP SILICON TRIPLE DIFFUSED TRANSISTOR 






NEC 


ELECTRON DEVICE 





Industrial Use 





DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 







FEATURES 
@ High speed, high voltage switching. 


PACKAGE DIMENSIONS 
in millimeters (inches) 








10,7MAX, @ Low collector saturation voltage. 
S= (0.421MAX.) 49M 
oF 3.64 0.2 MAX. sees i ¥ ‘ - 
a (90,142) Ta @ Specified of reverse biased SOA with inductive loads. 
a 1,340.2 
(0.051) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Voltages and Currents (Ta=25°C) 


oe . sai Collector to Emitter Sustaining Voltage VCEO(SUS)  —400 





ioaan ne Collector to Emitter Voltage VCEX —400 V 
003) = a ee Vv 
0.00.1) Collector to Emitter Sustaining Voltage VCEX(SUS) —400 Vv 
ca Emitter to Base Voltage VEBO —8.0 Vv 
1. Base (8) Continuous Collector Current IC(DC) -5.0 A 
Peeks . Peak Collector Current IC(pulse) * —10 A 
ena Continuous Base Current IB(DC) —2.5 A 
Maximum Power Dissipations 
| Total Power Dissipation PT (Tc=25°C) 50 Ww 
Total Power Dissipation __ PT(Ta=25°C) 2.0 
Maximum Temperatures 
Junction Temperature Tj 150 °C 
Storage Temperature Tstg —55 to+150 °C 
Lead Temperature 
1/8 inch from case for 10 seconds TL 260 °C 
' Thermal Resistances ‘ 
Junction to Case ~ Rthij-c) 2.5 °C/W 
Junction to Ambient ——— Rth(j-a) 62.5 °C/W 


*Pulsed PW S300us, duty cycleg10% 





NTA1071(V126) NEC tusctron oevice 


ELECTRICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted.) 


CHARACTERISTIC SYMBOL EEN ESS “UNIT TEST CONDITIONS 
Collector to Emitter VCEO(SUS) pel Tt 1c=-2.0A, Ip= =-0.4A, L=100uH 


Sustaining Voltage 









Ic=-2.0A, 131=-Ip2=-0.4A, VBE(OFF) 
=5V, L=180uH, Ta=125°C *! 












Ic=-4A, 18 1=-1.6A, |B2=0.4A, VBE(OFF) 
=5V, L=180uH, Ta=125°C #4 


ene bee 


ICEX2 -1.0 | mA | VcE=-400V, VBE(OFF)=1.5V, 
Ta=125°C 
ee ee 


Emitter Cutoff pA VeB=-5.0V, Ic=0 
Current 
Second Breakdown Is/B A VcE=-30V, t=1sec, Tc=25°C 
Collector Current 


Es/B | pd \c=-2.0A, 1p1=-0.4A, VBE(OFF)=5V, 
Rep=502, L=40uH 

seoman [mee [= [|| persion = 

ee 


Collector Saturation VCE (sat) 
Voltage 


rer 
Voltage 

a ate ee 
ee en oe Se Oe 
a 
ee ee 


*1 VCE clamped Vclamp = 400V 
*2 VCE clamped Vclamp = 400V 
*3 Pulsed PW ¢350ys, duty cycleg2% 


VCEX(SUS)2} —400 






Collector Cutoff 
Current 












Second Breakdown 
Energy 


















IC=-2.0A, Ip=-0.4A #3 










Ic=-2.0A, 1g1=—-lp2=-0.4A, 






Vec=—150V, VBE(OFF)=5V, RL=752 








NEC SILICON POWER TRANSISTORS 
NTB707,NTB708 


LOW FREQUENCY AMPLIFIER AND LOW SPEED SWITCHING 
PNP SILICON EPITAXIAL TRANSISTOR 


Industrial Use 


DESCRIPTION 


Suitable for tamp driver and inductive load driver. 


PACKAGE DIMENSIONS 
in millimeters(inches) 









10.7 MAX. FEATURES 

@ (0.421MAX.) 4. 9MAX. © High current switching capability. 

32 xs (0.199MAx.) ; neh 

oe — 1.3+0.2 © Low collector saturation voltage. 

0M Zitz (0.051) 

@| % ABSOLUTE MAXIMUM RATINGS 
4 z s Maximum Voltages and Currents(Ta=25°C ) NTB707: NTB708 
Collector to Base Voltage Vcso — 80 —80 V 
1320.2 » & (0.65 40.1 Collector to Emitter Voltage VcEo —60 —80 V 
(0.051) ; | (0.026) 
d Emitter to Base Voltage VEBO —7.0 —7.0 V 
0.75£0.1—~Hs 2.6 : 

(0.03) o54o 64 (0.102) Continuous Collector Current | c(oc) —7.0 —7.0 A 
(0.1) (0. 1) Peak Collector Current (‘C(putse)* —15 -15 A 
Continuous Base Current | B(DC) —3.5 —3.5 A 

Maximum Power Dissipations 
1.Base(B) Total Power Dissipations 
2. Collector (C) at 25°C Ambient Temperature Pr 2.0 Ww 
3. Emitter (E) at 25°C Case Temperature Pr 65 
4. Fin(Collector ) 
Maximum Temperatures 
Junction Temperature Tj 150 °C 
Storage Temperature Tstg —55 to + 150 °C 


* Pulsed PWS 300us, duty cycles 10% 


ELECTRICAL CHARACTERISTICS (Ta=25C) 


CHARACTERISTIC SYMBOL 
Collector Cutoff Current 


DC Current Gain 40 








DC Current Gain 


Collector Saturation Voltage Voce (sat) : ad 





Base Saturation Voltage VBE(sat) 
*Pulsed PWS350us, duty cycleS2% 





An 


NTB707,NTB708 


TYPICAL CHARACTERISTICS (Ta=25°C) 


P+ — Total Power Dissipation — W 


dT — Percentage of Rated Current — % 


Ic — Collector Current —A 


TOTAL POWER DISSIPATION vs. 
CASE TEMPERATURE 


























Tc — Case Temperature — °C 


DERATING CURVE OF SAFE 
OPERATING AREAS 


100 








80 


60 





40 














20 














0 50 100 150 
Tc — Case Temperature — °C 


COLLECTOR CURRENT vs. COLLECTOR 
TO EMITTER VOLTAGE 











VCE — Collector to Emitter Voltage — V 


24 


NEC ELECTRON DEVICE 


FORWARD BIAS SAFE OPERATING 
AREAS 





























I¢ — Collector Current —A 






































2SB708 
288707 

















-1 —10 —100 ~1000 
VcE — Collector to Emitter Voltage — V 


TRANSIENT THERMAL RESISTANCE 







































































®th(j—C) — Thermal Resistance — °C/W 
































“pw Pulse ee — ms 


DC CURRENT GAIN vs. COLLECTOR 
CURRENT 








100 



















it | 
Mil i 
ii ti 
PTT 


Ria si eai 


—0.001 —0.01 ~-0.1 —1.0 —10.0 
Ic — Collector Current — A 































hee — DC Current Gain 
































NEC crecreon oevice NTB707,NTB708 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 



























































iM 
| 


VCE (sat) — Collector Saturation Voltage — V 


VBE(sat) — Base Saturation Voltage — V 





























~—0.01 
~0.001 —0.01 —0.1 -1.0 -1 
I¢ — Collector Current —A 


Sd 
ros} 


NEC 


ELECTRON DEVICE 





TENTATIVE SPECIFICATION 


SILICON DARLINGTON POWER TRANSISTORS 


NTB794,NTB795 


LOW FREQUENCY AMPLIFIER AND LOW SPEED SWITCHING 


PNP SILICON EPITAXIAL DARLINGTON TRANSISTOR 


DESCRIPTION 


Suitable for hummer driver, pulse motor driver and relay driver applications. 


in millimeters (inches) 

















1, Emitter (E) 


3(B) 2. Collector (C) 
3. Base (B) 
4. Fin (Collector) 
Ry -R2 
1(E) 





PACKAGE DIMENSIONS 





Ry = 10kQ 
Ro* 5002 


FEATURES 
@ Operates from IC without predriver. 


@ tow collector saturation voltage. 


®@ For complementary use with type NTD985, NTD986. 


@ Similar to MJE700 ~ 703. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Currents (Ta = 25°C) 


Collector to Base Voltage 
Collector to Emitter Voltage 


Emitter to Base Voltage 
Continuous Collector Current 
Peak Collector Current 


Continuous Base Current 


Maximum Power Dissipations 
Total Power Dissipation (Ta=25°C) 
(Tc=25°C) 


Maximum Temperatures 
Junction Temperature 


Storage Temperature 


Lead Temperature- 


1/8 inch from case for 10 seconds 


Thermal Resistances 
Junction to Ambient 
Junction to Case 


* Pulsed 


VCBO 
VCER(SUS) 
VCEX(SUS) 
VCEO(SUS) 
VEBO 
IC(DC) 
IC(pulse)* 
'B(DC) 


PT 
PT 


Tj 
Tstg 


Th 


Rth(j—a) 
Rth(j—c) 


PW < 300us, duty cycle < 10%. 


NTB794 


Industrial Use 


—-8.0 
—2.0 
—4.0 
-0.2 


1.0 
10 


150 
—55to +150 


260 


125 
12.5 


NTB795 





> rPrp<cc< << 


= 


°C 
2c 


°c 


°C/W 
°C/W 





NTB794,NTB795 NEC ttectron oevice 


ELECTRICAL CHARACTERISTICS (Ta= 25°C) = (NTB794/795) 


CHARACTERISTIC MAX. | UNIT TEST CONDITIONS 














SYMBOL 


















Collector to Emitter 1C=—0.2A, |B=0 
Sustaining Voltage 


VCEO(SUS) 








VCER(SUS) 














ic=—0.2A, |p=—lBp=—2mA 


ee arene 
[fa foe arama re 


VcE=-60/-80V, | p=0 
VEB=—5.0V, Ic=0 
2000 | 4000 — VcE=-2.0V, Ic=-1.0A* 


VCE(sat) -1.5 IC=-1.0A, |p=-1.0mA 


Se 


*Pulsed PW $350 us, duty cycles 2% 


VCEX(SUS) 












Collector Cutoff Current 













Collector Cutoff Current 



















Emitter Cutoff Current 








DC Current Gain 














Collector Saturation Voltage 





SILICON POWER TRANSISTOR 


NEC 
ELECTRON DEVICE NTC186 3 


HIGH SPEED HIGH CURRENT SWITCHING 
NPN SILICON EPITAXIAL MESA TRANSISTOR 


Industrial Use 


DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


FEATURES 


PACKAGE DIMENSIONS @ High speed switching. 
in millimeters (inches) @ Low collector saturation voltage. 


@ Specified of reverse biased S.O.A. with inductive loads. 



















#15.0MAX. 
nana 2g ABSOLUTE MAXIMUM RATINGS 
ite Es Z Maximum Voltages and Currents (Ta = 25°C) 
3 Collector to Emitter Voltage VCEX 150 Vv 
hae ag Collector to Emitter Sustaining Voltage VCEO(SUS) 100 V 
Collector to Emitter Sustaining Voltage VCEX(SUS) 150 Vv 
Emitter to Base Voltage VEBO 7.0 Vv 
7 Continuous Collector Current Ic(DC) 7.0 A 
23 Peak Collector Current* IC(pulse) 15 A 
23 Continuous Base Current IB(DC) 4.0 A 
Peak Base Current” IB(pulse) 8.0 A 
7 2— 63.7 237 : nto 
(0.579) (0.146) Maximum Power Dissipations 
1. Base Total Power Dissipation PT (Tc=25°C) 50 Ww 
- pie ee Total Power Dissipation PT(Tc=100°C) 29 W 
Total Power Dissipation PT(Ta=25°C) 2.0 Ww 
EIAJ :TC-16,TB-23 
JEDEC:TO-66 Maximum Temperatures 
IEC :C13 
Junction Temperature Tj 200 °c 
Storage Temperature Tstg -65 to +200 °C 
Lead Temperature 
1/8 inch from case for 10 seconds TL 260 2G 
Thermal Resistances 
Junction to Case Rth(j-c) 3.50 °C/W 
Junction to Ambient Rth(j-a) 87.5 °C/W 


* Pulsed PW S300 us, duty cycle < 10% 


NTC1863 NEC tcectron pevice 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


CHARACTERISTIC SYMBOL. : : : TEST CONDITIONS 





Collector to Emitter | VCEO(SUS) | Table 1. Ic = 5A, Igy =0.5A, L = 100nH 
Sustaining Voltage VcEex(sus)1 Table 1. IC =5A, 1g, =-lg2=0.5A 
Velamp = Rated Vcex, Ta = 125°C 
VcEXx(SUS)2 Table 1. lo =10A, Igy =1.0A, Igo =-0.5A 
Velamp = Rated Vcex, Ta= 125°C 
Collector Cutoff Current IcER - j Vce =150V, Ree =50Q, Ta = 125°C 
IceEx Vce =150V, VBE(OFF) =-1.5V 
ICEX Vce =150V, Vege(orF) =-1.5V 
Ta = 125°C 
Emitter Cutoff Current lEBO | Ve = 7.0V, Ic =0 
Second Breakdown Collector Current | Is/B T ; t=1.0s, Voce = 20V, Tc = 25°C 
Second Breakdown Energy Es/B Ic = 5A, Ipq =0.5A, VBE(OFF) =-5V 
DC Current Gain hFe | Vce =5V, Ic=3A** 
hee? | VceE=5V, Ic=5A ** 
Collector Saturation Voltage VCE(sat) ‘ Ic =5A, Igp=0.5A ** 
Vee (sat) | ‘| [ic =5A, 1g =0.5A, Ta = 125°C ** 
Base Saturation Voltage VBE (sat) Tic=5A, Ig=05A** 
| VBEl(sat) | : | 1 = 7A, Ip = 0.7A, Ta = 125°C ** 
Gain Bandwidth Product VcE=10V, Ic=50mA, fg=3.0MHz, Tc=25°C 
Output Capacitance Vcs = 10V, fo = 1.0 MHz 
Delay Time : Resistive Load (Table 1.) 
Rise Time 










































































=125°C Ic=5A, 1g1=-!Bp2=05A 
Storage Time . Ri = 102, Vcc = 50V 
Ta=125°C PW~ 50us, duty cycle < 2% 





Fall Time 











Ta = 125°C 








id PWS 350 Us, duty cycle < 2% 


TABLE 1. — TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEO (SUS) VCEX (SUS) RESISTIVE SWITCHING 


v v 
ee Reet 05" ar Reet Sago, 


ee Vee ~10V = Vee(orr) =5V 
2 





INPUT 
CONDITIONS 


PW Varied to mn gatt ic =5A PW Varied to Attain Ic = 5A duty cycle S2% 4 = 2SA959 
=1¢ 


aa 
Leoij =100KH, Voc = 10V Leoit = 180 LH, Voc = 20V Legit = 40 BH, Vcc = 10V RL =102, Vec~ 50V 
Reoil = 0.0522 Reoil = 0.0582 Reoil = 0.0522, Rgg2 = 502 
Velamp (Unclamped) Velamp = Rated Vcex Value Velamp (Unclamped) 

ml 


INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORM, ty clamped RESISTIVE TEST ‘CIRCUIT 
ty Adjust to 
Xe ‘fUnclamped = brain IC 








Eg 
25> 
Oz 
ied 
o> 





t ‘ie Leoit IC pk) 
= 
Vec 


~ Lcoil ('¢ pk) 
Velamp 


TEST CIRCUITS 





D01=F114F D2=6FH4S 





9a 








NEC crectaon vevice 


TYPICAL CHARACTERISTICS (Ta=25°C) 


dT—Forward Bias SOA Derating— % lc—Collector Current—A 


l¢—Collector Current—A 


10 


REVERSE BIAS SAFE OPERATING AREA 








Vee —Collector to Emitter Voltage—V 


DERATING CURVE OF FORWARD BIAS SAFE 
OPERATING AREA 





0 50 100 150 
c—Case Temperature—°C 


COLLECTOR CURRENT vs. COLLECTOR TO 
EMITTER VOLTAGE 





re to oe Voltage — e 


30 


rth(j—c)—Transient Thermal Resistance—°C/ W le—Collector Current—A 


hee—DC Current Gain 





0.01 0.02 ey 0.1 02 05 1 10 


NTC1863 


FORWARD BIAS SAFE OPERATING AREAS 





5 10 100 200 


Voe—Collector to Emitter Reena 


TRANSIENT THERMAL RESISTANCE 


PW—Pulse Width—ms 


DC CURRENT GAIN vs. COLLECTOR CURRENT 











ian 
ul 
eu 
=FE fe — TT 

Hi Hh 








—Collector Current—A 


NTC1863 


Vce(sat)—Collector Saturation Voltage—V 
Vee(sat)—Base Saturation Voltage—V 


BASE. AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 







=10- Ip, 








0.1 10 
l¢—Collector Current--A 


os 2 
° 
Ai 


NEC erectnon vevice 


TURN ON TIME, STORAGE TIME AND FALL TIME 
vs. COLLECTOR CURRENT 


¥ { 
Hh 


— 
HCE 
creme See 





ton—Turn-on Time —ys 
tstg—Storage Time—ps 
tf—Fall Time—ys 





0.01) 01 0.02 0.05 0.1 02 05 1 


Io—Collector Current—A 





SILICON POWER TRANSISTOR 


NEC N POWER 7 
ELECTRON DEVICE | a. * = NTC1 864 


HIGH SPEED HIGH CURRENT SWITCHING 
NPN SILICON EPITAXIAL MESA TRANSISTOR 


Industrial Use 


DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


FEATURES 


PACKAGE DIMENSIONS @ High speed switching. 
in millimeters (inches) @ Low collector saturation voltage. 


@ Specified of reverse biased S.0.A. with inductive loads. 


P15.0MAX. 
(¢0.591MAX.) 


ABSOLUTE MAXIMUM RATINGS 





2.54MAX. 
{0.1MAX.} 


















x 
Z: Maximum Voltages and Currents (Ta = 25°C) 
8 Collector to Emitter Voltage VCEX 300 Vv 
Wake pi Collector to Emitter Sustaining Voltage VCEO(SUS) 200 Vv 
32.3MAX. (1.272MAX.) : Collector to Emitter Sustaining Voltage VCEX(SUS) 250 Vv 
arent Emitter to Base Voltage VEBO 7.0 Vv 
es Continuous Collector Current Ic(DC) 7.0 A 
33 Peak Collector Current” IC(pulse) 15 A 
25 Continuous Base Current IB(DC) 4.0 A 
Peak Base Current* 1B (pulse) 8.0 A 
3 TF 2— 93.7192 ae, 
(0.579) (0.146) Maximum Power Dissipations 
1. Base Total Power Dissipation PT (Tc=25°C) 50 Ww 
s Se eases Total Power Dissipation PT(Tc=100°C) 29 w 
clei. ereaees Total Power Dissipation PT(Ta=25°C) 2.0 W 
JEDEC:TO-66 : 
IEC C13 Maximum Temperatures 
Junction Temperature Tj 200 ee 
Storage Temperature Tstg -65 to +200 °C 
Lead Temperature 
1/8 inch from case for 10 seconds TL 260 bd 6 
Thermal Resistances 
Junction to Case Rth(j-c) 3.50 °C/W 
Junction to Ambient Rth(j-a) 875 °C/W 


* Pulsed PW $300ys, duty cycle < 10% 


ao 


NTC1864 


NEC erectron vevice 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


CHARACTERISTIC 


SYMBOL MIN. 


TEST CONDITIONS 





Collector to Emitter 
Sustaining Voltage 


Vceo(sus) | 200 


Table 1. Ic =5A, 1g1=0.5A,L = 100UH 





VCEX(SUS)1} 250 


VCEX(SUS)2 
4 


200 


Table 1. IC =5A, 1g1=-Ip2=05A 

| Velamp = Rated Vcex, Ta = 125°C 
Table 1. i¢ = 10A, Igy =1.0A, Ip2 =-0.5A, 
Velamp 7 Rated Vcex, Ta = 125°C 








Collector Cutoff Current 


(CER - 


| Vce = 300V, Ree = 5022, Ta = 125°C 





[ 


ICEX 


VceE =300V, VBE(OFF) =-1.5V 








ICEX 


| Vce = 300V, VgE(OFF) =-1.5V- 
Ta = 125°C 





Emitter Cutoff Current 


'EBO 


] Veg =7.0V, Ic =0 





Second Breakdown Collector Current 


's/B 


[t= 1.05, VE = 20V, Te = 25°C 





Second Breakdown Energy 


Es/B 


Ic = 5A, IBq = 0.5A, VBE(OFF) =-5V 





DC Current Gain 


heey 


Vce =5V, Ic =3A** 





hFE2 





Collector Saturation Voltage 


~ VCE (sat) 





| Vce=5V, Ic=5A ** 





Ig =0.5A ** 








VCE (sat) 


1c =5A, 
Ip = 0.5A, Ta = 125°C 





Base Saturation Voltage 


VBE(sat) 


4 
Ic = 5A, 

ic 

| IC =5A, 





VBE(sat) 





ae 





4 
Ic = 5A, 





Gain Bandwidth Product 


fr 


MHz [VcE= 10V, Ic=300mA, fo=3.0 MHz, Tc=25°C 





Output Capacitance 


pF | Vcp = 10V, fp = 1.0 MHz 





Delay Time. 





Rise Time 


Storage Time 





Fall Time 





Ms | Resistive Load (Table 1.) 
Us 





Ms | Ta= 125°C Ic= 5A, 1p1=-1B2 =0.5A 





Us Ri = 202, Vcc = 100V 

















Us Ta=125°C PW 50us, duty cycle < 2% 
Us 


Us 





Ta = 125°C 


** PW $350 Us, duty cycle S2% 


TABLE 1. — TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

















| VCEO (SUS) VCEX (SUS) Es/B RESISTIVE SWITCHING 
1 1 
VIN VIN 
” R R 
3 il Ql BB1 asi Qi BB1 Rep 
ro 
2 FE poet Vee 10V —VEE ~10V — VBE(OFF) ~5V 
za 2 2 
=-2 
QO]. . 
© |. PW Varied to Attain Ic = 5A PW Varied to Attain IC=5A duty cycle 2% Q, = 2SA959 
E At Leo! =100KH, Vcc = 10V Leoit = 180 LH, Voc = 20V Leoil = 40 UH, Vcc = 10V R_=0.22 Veco =100V 
B >| Reoit = 0.050 Reoil = 0.0582 Reoil = 0.0582, Rpp2 = 5082 
5 | Vetamp (Unclamped) Velamp = Rated Vcex Value Velamp (Unclamped) 
INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORM ty inped RESISTIVE TEST CIRCUIT 
w Ic : ty Adjust to 
E 4 f Unclamped Obtain IC 
> 
S) _ Leoit (Cc pk) 
= Veo 
o 5 c 
c 
& _ Leoit (IC pk) 
uw LY omer gare 
Ee Velamp 


D1=F114F D2 =6FH4S 

















NEC erectron vevice 


TYPICAL CHARACTERISTICS (Ta=25°C) 


\o—Collector Current—A 


dT—Forward Bias SOA Derating— % 


lo—Collector Current—A 





— 
Oo 


AA Sah | 
AA AAA 


EU YL LAAN 


co 


a 





REVERSE BIAS SAFE OPERATING AREA 





VeExtsus) 








100 200 300 400 


Voe—Collector to Emitter Voltage —V 


DEATING CURVE OF FORWARD BIAS SAFE 
OPERATING AREA 





0 50 100 150 200 250 


Tce —Case Temperature —°C 


COLLECTOR CURRENT vs. COLLECTOR TO 
EMITTER VOLTAGE 


a — 








l 


ro) 
oo) 
> 


AV AAA 
YY UA 


Berta 


| 


BGGiTTeAty 


: 


maa anian 


=| 

foo] 

i 
o 
| 
a 
> 





ae 
Sane 
Eee 


1 204% 3 4 5 
Voce —Collector to Emitter Voltage —V 


QA 


le —Collector Current—A 


rth(i—c) Transient Thermal Resistance —°C/ W 


hee—DC Current Gain 


PHN ETT 





0.01 





NTC1864 


‘REVERSE BIAS SAFE OPERATING AREAS © 





5 10 20 50 100 200 500 
Voce —Collector to Emitter Voltage—V 


TRANSIENT THERMAL RESISTANCE 














CN Ht 












































4 
= 
EHH I ran an 
Bali 
ii td td 
10 100 1000 
PW—Pulse Width—ms 


0. 


_ 


DC CURRENT GAIN vs. COLLECTOR CURRENT 


Soe 
easel Sarit 





0.01 002 0% 02° #05 #1 2 5 10 
—Collector Current—A 


NTC1864 NEC ctectron pevice 


BASE AND COLLECTOR SATURATION TURN ON TIME, STORGE TIME AND FALL TIME 
VOLTAGE vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT 


ton--Turn-on Time—ys 
tstg—Storage Time—ys 
Time — us 


Vee(sat)—Base Saturation Voltage—V 
tf—Fall 


Vce(sat)—Collector Saturation Voltage—e 





, 0.01 0.02 0.05 01 0.2 5 0.01 0.02 0.5 1 2 5 10 


lc —Collector Current—A lc —Collector Current—A 





SILICON POWER TRANSISTOR 


NEC 
ELECTRON DEVICE NTC1865 


HIGH SPEED HIGH CURRENT SWITCHING 
NPN SILICON TRIPLE DIFFUSED MESA TRANSISTOR 


Industrial Use 


DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


FEATURES 


PACKAGE DIMENSIONS @ High speed switching. 
in millimeters (inches) @ Low collector saturation voltage. 


@ Specified of reverse biased S.O.A. with inductive loads. 
15.0MAX. 


$0.591MAX,) 


ABSOLUTE MAXIMUM RATINGS 







2.54MAX. 
(0.1MAX,) 





























ae 
== 
Ei a ae 35) 3 Maximum Voltages and Currents (Ta = 25°C) 
i 075 233 Collector to Emitter Voltage VCEX 500 Vv 
one 22 Collector to Emitter Sustaining Voltage VCEO(SUS) 400 Vv 
32.3MAX. (1.272MA 
fs a ran max Collector to Emitter Sustaining Voltage VCEX(SUS) 450 Vv 
(0.961) 
Emitter to Base Voltage VEBO 7.0 Vv 
ws Continuous Collector Current IC(DC) 7.0 A 
<x 
a8 Peak Collector Current” IC(pulse) 15 A 
i Continuous Base Current IB(DC) 4.0 A 
Peak Base Current* l 8.0 A 
3 =i acaagahe B(pulse) 
wal sia Maximum Power Dissipations 
1. Base 
2. Emitter Total Power Dissipation PT (Tc=25°C) 50 Ww 
3. Collector (Case) Total Power Dissipation PT(Tc=100°C) 29 w 
EIAJ :TC-16,TB-23 Total Power Dissipation P =95° 2.0 Ww 
JEDEC:TO-66 T(Ta=26 C) 
IEG CTS Maximum Temperatures 
Junction Temperature Tj 200 <C 
Storage Temperature Tstg -65 to +200 °c 
Lead Temperature 
1/8 inch from case for 10 seconds TL 260 °C 
Thermal Resistances 
Junction to Case Rth(j-c) 350 °C/W 
Junction to Ambient Rth(j-a) 87.5 °C/W 


* Pulsed PWS 300 us, duty cycle < 10% 


ak 


NTC1865 NEC crectron vevice 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 




























































































CHARACTERISTIC SYMBOL | MIN. TYP. MAX. UNIT | TEST CONDITIONS 
Collector to Emitter VCEO(SUS) | 400 t Vv Table 1. Ic =5A, 1py=1A, L=100LH 
Sustaining Voltage VcEx(SUS)1| 450 Vv Table 1. 1¢ =5A, Ip, =-lgg=1A 
| _ Veclamp = Rated Vcex, Ta = 125°C 
Vcex(sus)2| 400 Vv Table 1. Ic = 10A, 1g1=2A, Ip2=-1A, 
salle i | Velamp = Rated Vcex, Ta = 125°C 
Collector Cutoff Current IcER [ | 1.0 mA Vce = 500V, Ree = 50022, Ta= 125°C 
[ IcEX | [ 10Q LA Vce = 500V, VBE(OFF) =-1.5V 
ICEX 500 LA Vce = 500V, VeE(OFF) =-1.5V, 
| {. | | Ta = 125°C 
Emitter Cutoff Current | leEBO 10 MA Veg =7.0V, Ic =0 
Second Breakdown Collector Current | Is/B ils 1 | sh A lt=1.0 s, VcgE = 40V, Tc = 25°C 
Second Breakdown Energy st Es/B 500 L MJ Ic = 5A, Ipi = 1A, VBE(OFF) =-5V 
DC Current Gain heer | 15 | 100 | VcE=5V, Ic=3A** 
; | heeg | 10 | VcE=5V, Ic=5A ** 
Collector Saturation Voltage VCE (sat) 1.0 | V | Ic =5A, Igp=iA ** 
VcE(sat)_ | 15 | V Ic=5A, Ig=1A, Ta=125°C ** 
Base Saturation Voltage | VBE(sat) | 1.5 Vv ic =5A, Itgp=tA ** 
VBE (sat) 1.5 V Ic=5A, Ig=1A, Ta=125°C ** 
Gain Bandwidth Product fr 10 MHz | VcE=10V, Ic=300mA, fo=3.0 MHz, Tc=25°C 
Output Capacitance Cob | : 200 | pF I VcB = 10V, fo = 1.0 MHz , 
Delay Time | tg 0.1 Us Resistive Load (Table 1.) 
Rise Time | tr [ I og | Us 
[p= =, Ae 27. | ms | Ta=125°C Ic=5A, Ip1=-Ilp2=1A 
Storage Time tstg | 20 | Us R_ = 302, Vcc = 150V 
tstg [40 | Us | Ta= 125°C PW 5O0ps, duty cycle < 2% 
Fall Time i ees Ea oe 
a 


** PW $350 Us, duty cycle $2% 


TABLE 1. — TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEO (sus) VCEX (SUS) Es/p RESISTIVE SWITCHING 





1 
VIN 

Reet ai R 
ai Fe () BB1 Rees 


— VEE x10V ——Vee ~10V — VBE(OFF) ~5V 
2 2 


CONDITIONS 


PW Varied to Attain Ic = 5A [ PW Varied to Attain IC =5A dutycycle< 2% Qy = 2SA959 


4 





Legit =100LH, Voc = 10V Leoi! = 180 KH, Voc = 20V Leoi) = 40 KH, Voc = 10V RL = 302, Vcoc™150V 
Regi = 0.052 Reoil = 0.0522 Reoit = 0.0522, Reg = 5022 
| Velamp (Unclamped) | Velamp = Rated Vcex Value Vetamp (Unctamped) 





ait 
2D 
On 
cad 
o> 





INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORM te clamped RESISTIVE TEST CIRCUIT 
Ic ty Adjust to 
Xv tf Unclamped = Obtain IC 
\ 





ty = beoil c pk) 
Vec 


_ Leoit (Ic pk) 
Velamp 


TEST CIRCUITS 








D1=F114F D2 =6FH4S 
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TYPICAL CHARACTERISTICS (Ta=25°C) 


REVERSE BIAS SAFE OPERATING AREA 


Io --Collector Current—A 





0 100 200 300 400 500 
Vog—Collector to Emitter Voltage—V 


DERATING CURVE OF FORWARD BIAS SAFE 
OPERATING AREA 
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dT—Forward Bias SOA Derating — % 
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c—Case Temperature—°C 


COLLECTOR CURRENT vs. COLLECTOR TO 
EMITTER VOLTAGE 


— ea 
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lc—Collector Current—A 
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Voe—Collector to Emitter Voltage—V 
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NTC1865 


FORWARD BIAS SAFE OPERATING AREAS 


\¢—Collector Current—A 
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1 2 5 10 20 50 100 200 500 
Voe—Collector to Emitter Voltage—V 


TRANSIENT THERMAL RESISTANCE 











ae —Pulse Width—ms 











rth(ji—c)—Transient Thermal Resistance—°C/ W 





























DC CURRENT GAIN vs. COLLECTOR CURRENT 
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NTC1865 


TURN ON TIME, STORGE TIME AND FALL TIME 


vs. COLLECTOR CURRENT 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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EC SILICON POWER TRANSISTOR 


ELECTRON DEVICE NTC1866 


HIGH SPEED HIGH CURRENT SWITCHING 
NPN SILICON EPITAXIAL MESA TRANSISTOR 


DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


FEATURES 


PACKAGE DIMENSIONS @ High speed switching. 
in millimeters (inches) @ Low collector saturation voltage. 


@ Specified of reverse biased S.O.A. with inductive loads. 


P25MAX, 
(60.984 MAX.) 








ABSOLUTE MAXIMUM RATINGS 


3.5MAX. 
(0.138MAX.) 















23 Maximum Voltages and Currents (Ta = 25°C) 
a1 f98 _ oe Collector to Emitter Voltage VCEX 
(40.039) +8 i ini 
Sui 23 Collector to Emitter Sustaining Voltage VCEO(SUS) 
Collector to Emitter Sustaining Voltage VCEX (SUS) 
Z 3 Emitter to Base Voltage VEBO 
ee Continuous Collector Current IC(DC) 
: Peak Collector Current* IC(pulse) 
aa Continuous Base Current IB(DC) 
(1.189) Peak Base Current* IB (pulse) 
1. Base 
2. Emitter Maximum Power Dissipations 
3. Collector (Case) 
Total Power Dissipation PT (Tc=25°C) 
EIAJ :TC-3,TB-3 be ou 
SeOEC AOS Total Power Dissipation PT(Tc=100°C) 
IEC =—-:C144,B18 Total Power Dissipation PT (Ta=25°C) 


Maximum Temperatures 
Junction Temperature Tj 
Storage Temperature Tstg 


Lead Temperature 
1/8 inch from case for 10 seconds TL 


Thermal Resistances 
Junction to Case Rth(j-c) 
Junction to Ambient Rth(j-a) 


* Pulsed PW<300us, 


an 


Industrial Use 


150 V 
100 Vv 
150 V 
7.0 Vv 
7.0 A 
15 A 
4.0 A 
8.0 A 
100 W 
57 W 
5 W 
200 °c 
-65 to +200 °c 
260 °c 
1.75 °C/W 
35 °C/W 


duty cycle < 10% 


NTC1866 


NEC erectron vevice 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


CHARACTERISTIC 


SYMBOL MIN. 


TEST CONDITIONS 





Collector to Emitter 
Sustaining Voltage 


Vceo(sus)} 100 


Table 1. IC = 5A, Igy =0.5A,L = 100uUH 





VceEx(sus)1| 150. 


bes 


‘|Table 1. IC =5A, pq =~-Ig2= 0.5A 
Velamp = Rated Vcex, Ta = 125°C 





VCEX(SUS)2| 100 


Table 1. I¢ =10A, 1g1 =1.0A, Iga = -0.5A 
Velamp = Rated Vc_ex, Ta = 125°C 





Collector Cutoff Current 


j— 


ICER 


Vce = 150V, Rge = 5022, Ta = 125°C 





ICEX 


Vce = 150V, VBE(OFF) =-1.5V 





ICEX 


Vce =150V, VBE(OFF) =-1-5V, 
Ta = 125°C 





Emitter Cutoff Current 


'eEBO 


| Vep = 7.0V, Ic =0 





Second Breakdown Collector Current 


Is/B 


_| 
= 1.0s, VcE = 20V, Te = 25°C 





Second Breakdown Energy 


im 





Es/B 


[tc = 5A, 'B1 =0.5A, VBE(OFF) =-5V 





DC Current Gain 


hee1 


VcE=5V, Ic=3A** 





hee2 


Vce=5V, Ic=5A ** 





Coitector Saturation Voltage 





VCE (sat) 





Tig = 5A, 1g =0.5A ** 





VCE (sat) 


Ic = 5A, Ig =0.5A, Ta=125°C ** 





Base Saturation Voltage 


VBE (sat) 


Ic = 5A, 1p =0.5A ** 





VBE (sat) 


Ic =5A,Ip=0.5A, Ta=125°C ** 





Gain Bandwidth Product 


VcE=10V, 1¢=300MA, fo=3.0 MHz, Tc=25°C 





Output Capacitance 


| Vp = 10V, fo = 1.0 MHz 





Delay Time 


Resistive Load (Table 1.) 





Rise Time 


Storage Time 


Fall Time 





Ta=125°C Ic =5A, Ip1=-!g2=0.5A 
Ri = 102, Vec= 50V 


Ta= 125°C PW~ 50us, duty cycle < 2% 














Ta = 125°C 





** PW<350 us, duty cycle S 2% 


TABLE 1. — TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEO (SUS) 


VCEX (SUS) 


Es/B RESISTIVE SWITCHING 





Vv 1 
si eae a1 Reet 
Vv 


—— VEE =10V 
eid 


PW Varied to Attain Ic = 5A 


CONDITIONS 


a1 


Reet 


1 
Rep2 


——Vee ~10V "= VBE(OFF) =5V 


PW Varied to Attain IC =5A 


2 


duty cycle S2% Qy, = 2SA959 





Looil = 100KH, Vcc = 10V 
Reoit = 0.0522 
Velamp {Unclamped) 


Ee 
22> 
Oo 
ca 
o> 


Leoij = 180 UH, Voc = 20V 
Reoil = 0.0522 
Velamp = Rated Vcex Value 


Leoil = 40 MH, Voc = 10V 
Reoit = 0.0592, Rag2= 502. 
Vetamp (Unclamped) 


Rx = 102, Vec~ 50V 





INDUCTIVE TEST CIRCUIT 


TEST CIRCUITS 


dh ck WAVEFORM 


D1=F114F D2=6FH4S 





tf Clamped RESISTIVE TEST CIRCUIT 


t7 Adjust to 
eit Unclamped 


Obtain IC 


ss Leoit IC pk) 
Vcc 


we Leoil (IC pk) 
Velamp 
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TYPICAL CHARACTERISTICS (Ta=25°C) 


dT—Forward Bias SOA Derating— % \o—Collector Current—A 


lo—Collector Current—A 





REVERSE BIAS SAFE OPERATING AREA 




















Voe—Collector to Emitter Voltage —V 


DERATING CURVE OF FORWARD BIAS SAFE 
OPERATING AREA 






































0 50 100 150 200 250 


Tc—Case Temperature—°C 


COLLECTOR CURRENT vs. COLLECTOR TO 
EMITTER VOLTAGE 















a ~ 
| sees 1,,=0.05A 
seeneee 
1 2 3 


Voe—Collector to Emitter Voltage -—V 





ass es as 
ianed i 
4 5 


lc—Collector Current—A 


‘th(j—c)Transient Thermal Resistance —°C/ W 


hee—DC Current Gain 








0.01 0.02 0.05 0.1 0.2 


NTC1866 


FORWARD BIAS SAFE OPERATING AREA 
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Hn i 
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Voe—Collector to Emitter Voltage —V 


TRASIENT THERMAL RESISTANCE 
































“O01 1 10 100 1000 


PW—Pulse Width—ms 


DC CURRENT GAIN vs. COLLECTOR CURRENT 
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NTC1866 NEC ctectron vevice 


BASE AND COLLECTOR SATURATION TURN ON TIME, STORGE TIME AND FALL TIME 
VOLTAGE vs. COLLECTOR CURRENT vs, COLLECTOR CURRENT 


¢=10-1,,=—10-I,, 
Pulsed 


a 
Hh 
iiiiemtit espe 


tstg—Storage Time—ys 


ton—Turn-on Time—ys 
tf—Fall Time—yzs 
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ed 
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oat ee 11 


Vor (sat)— Collector Saturation Voltage~V 
Vae(sat)—Base Saturation Voltage—V 
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Ic—Collector Current—A lo—Collector Current—A 





SILICON POWER TRANSISTOR 


NEC 
ELECTRON DEVICE oe NTC 1 867 


HIGH SPEED HIGH CURRENT SWITCHING 
NPN SILICON EPITAXIAL MESA TRANSISTOR ech aes 





DESCRIPTION 


. Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


FEATURES 


PACKAGE DIMENSIONS @ High speed switching. 
in millimeters (inches) @ Low collector saturation voitage. 
@ Specified of reverse biased S.0.A. with inductive loads. 


25MAX. 
(60.984MAX,) 


22.5MAX, 
Foosaeman 










ABSOLUTE MAXIMUM RATINGS 





3.5MAX. 
(0.138MAX.) 





Maximum Voltages and Currents (Ta = 25°C) 


9.5MAX 
(0.374MAX.) 












2 Collector to Emitter Voltage VCEX 300 Vv 
(0.039 nB ‘ 
oe Pee 2s Collector to Emitter Sustaining Voltage VCEO(SUS) 250 Vv 
Collector to Emitter Sustaining Voltage VCEX(SUS) 300 Vv 
: 23 Emitter to Base Voltage VEBO 7.0 Vv 
2. g40+015 / } 2g Continuous Collector Current IC(DC) 7.0 A 
ean Peak Collector Current* IC(pulse) 15 A 
Tree TT] Continuous Base Current IB(DC) 4.0 A 
noe Peak Base Current* IB (pulse) 8.0 A 
1. Base 
2. Emitter Maximum P Dissipati 
a peniecseeal aximum Power Dissipations 
ere Total Power Dissipation PT (Tc=25°C) 100 W 
JEDEC:TO-3 Total Power Dissipation PT(Tc=100°C) 57 Ww 
IEC :C14A,B18 cua OM 
Total Power Dissipation PT (Ta=25°C) 5 Ww 
Maximum Temperatures 
Junction Temperature Tj 200 °C 
Storage Temperature Tstg -65to +200 °C 
Lead Temperature 
1/8 inch from case for 10 seconds TL 260 Ge. 
Thermal Resistances 
Junction to Case Rth(j-c) 1.75 °C/W 
Junction to Ambient Rth(j-a) 35 °C/W 


* Pulsed PW S300 us, duty cycle < 10% 


44 


NTC1867 


NEC etectron evice 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


CHARACTERISTIC 


SYMBOL 


TEST CONDITIONS 





Collector to Emitter 
Sustaining Voltage 


VceEO (sus) 


Table 1. I¢ =5A, 1g1 = 0.5A, L = 100UH 





VcEX(SsUS)1 





+ 
Table 1. [IC =5A, !p1=-Ilp2= 0.5A 
Vclamp = Rated Vc_ex, Ta = 125°C 





VcEXx(sus)2 





Table 1. Ic =10A, 1g1 =1.0A, Igo = -0.5A, 
Velamp = Rated Vcex, Ta = 125°C 





Collector Cutoff Current 


—+ 


ICER 


Vce = 300V, Ree =502, Ta = 125°C 








ICEX 


Vce = 300V, Vge(OFF) =-1.5V 





ICEX: 


| VE = 300V, VBE(OFF) =-1.5V, 
Ta = 125°C 





Emitter Cutoff Current 


lEBO 





Second Breakdown Collector Current | 


VER =7.0V, Ic =0 





Is/B 





Second Breakdown Energy 


[it = 1.0s, VcE = 20V, Tc = 25°C 





Es/a 


Ic = 5A, Igy = 0.5A, VBE(OFF) =-5V 





DC Current Gain 


+ 


hee4 


VceE=5V, Ic =3A** 





NRE? 





Collector Saturation Voltage 


= 


VcE=5V, Ic=5A ** 





VCE (sat) 





TIig=5A, Igp=0.5A** 








VCE(sat) 


Ic =5A, Ig =0.5A, Ta= 125°C ** 





Base Saturation ‘Voltage 


VBE (sat) 





VBE(sat) 


lc=SA, Ig=O5A*%7 
Ic =5A, Ig =0.5A, Ta = 125°C** 








Gain Bandwidth Product 


| VeE=10V, 1¢=300MA, fo=3.0 MHz, Tc=25°C 





Output Capacitance 


VcsB = 10V, fo = 1.0 MHz 





Delay Time 





Resistive Load (Table 1.) 





Rise Time 





Storage Time 








Ta=125°C tc= 5A, |p1=-!B2 = 0.5A 





_++—____— 


RL= 2022, Vec = 100V 











Us Ta= 125°C PW 50us, duty cycle < 2% 





Fall Time 





Us 


re 








Us 





Ta = 125°C 





** PWS350 Us, duty cycle 2% 


TABLE 1. — TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEO (sus) 


VCEX (SUS) 


RESISTIVE SWITCHING 





ai Fest 


— Vee =x 10V 


CONDITIONS 


PW Varied to Attain Ic = 5A 


ai 


Reet 


Res2 


Vee ~10V — VBE(OFF) *5V 


2 


PW Varied to Attain Ic = 5A 


2 


duty cycle $2% Qy = 2SA959 





‘Leoit = 100HH, Vcc = 10V 
Regit = 0.0592 
Velamp {Unclamped) 


ES 
22> 
oF 
aq 
o> 


Leoit = 180 LH, Voc = 20V 
0.052 
Velamp = Rated Vcex Value 


Recoil = 


Legit = 40 KH, Vec.= 10V 


Ri = 202, Vec100V 


Reoil = 0.0592, Reg2 = 502 


Velamp {Unclamped) 





INDUCTIVE TEST CIRCUIT 


TEST CIRCUITS 


D1=FI14F 02=6F 


cas Bid WAVEFORM 
c 


H4S 


tt Clamped 


ty = Leoil IC pk) 


Leoit (I 
to = coil (IC pk) 





tf Unclamped 


RESISTIVE TEST CIRCUIT 
ty Adjust to 
Obtain IC 


Vec 


Velamp 





NEC ctectron vevice 


TYPICAL CHARACTERISTICS (Ta=25°C) 


dT —Forward Bias SOA Derating ~ % te—Collector Current—A 


lc —Collector Current—A 


PAA Aaa 





REVERES BIAS SAFE OPERATING AREA 


Ver O(sus) 
VeExisus) 


0 50 100 150 200 


Vce—Collector to Emitter Voltage—V 


DERATING CURVE OF FORWARD BIAS SAFE 
OPERATING AREA 








To—Case Temperature —°C 


COLLECTOR CURRENT vs. COLLECTOR TO 
EMITTER VOLTAGE 
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Vee—Collector to Emitter Voltage—V 
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NTC1867 


FORWARD BIAS SAFE OPERATING AREAS 


\c—Collector Current—A 





5 10 20 50 100 200 
Voe—Collector to Emitter Voltage—V 


TRANSIENT THERMAL RESISTANCE 
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rth(j—c)— Transient Therma! Resistance —°C/ W 
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PW—Pulse Width—ms 


DC CURRENT GAIN vs. COLLECTOR CURRENT 
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NTC1867 NEC ctectron pevice 





BASE AND COLLECTOR SATURATION TURN ON TIME, STORAGE TIME AND FALL TIME 
2 VOLTAGE vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT 
I 10 ——— 
PI u 

> =s a aa 5 
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lc—Collector Current—A —Collector Current—A 





SILICON POWER TRANSISTOR 


NEC 
ELECTRON DEVICE | NTC1868 


HIGH SPEED HIGH CURRENT SWITCHING 
NPN SILICON TRIPLE DIFFUSED MESA TRANSISTOR 


Industria! Use 


DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


FEATURES 
PACKAGE DIMENSIONS @ High speed switching. 
in millimeters (inches) @ Low collector saturation voltage. 
@ Specified of reverse biased S.0O.A. with inductive loads. 


@25MAX. 















( 0.984MAX.) as 
622.5MAX. = ABSOLUTE MAXIMUM RATINGS 
(60.886MAX.} —S _ 
23 Maximum Voltages and Currents (Ta = 25°C) 
1398 2 8 Collector to Emitter Voltage VCEX 500 V 
(0.039) He r nn 
as tOMax, 2s Collector to Emitter Sustaining Voltage VCEO(SUS) 400 V 
Collector to Emitter Sustaining Voltage VCEX(SUS) 450 Vv 
x Emitter to Base Voltage VEBO 7.0 V 
== 
peat 8s Continuous Collector Current IC(DC) 7.0 A 
(g0.157) Peak Collector Current* IC(pulse) 15 A 
TEE Continuous Base Current IB(DC) 4.0 A 
(1.189) Peak Base Current* IB(pulse) 8.0 A 
1. Base 
o- VEMUREE Maximum Power Dissipations 
3. Collector (Case) 
Total Power Dissipation PT(Tc=25°C) 100 Ww 
EIAJ :TC-3,TB-3 iGo bead) Se 
JEDEE*TOes Total Power Dissipation PT(Tc=100°C) 57 WwW 
IEC: 14A,B18 Total Power Dissipation PT(Ta=25°C) 5 Ww 
Maximum Temperatures 
Junction Temperature Tj 200 °C. 
Storage Temperature Tstg -65to +200 °C 
Lead Temperature 
1/8 inch from case for 10 seconds TL 260 °c 
Thermal Resistances 
Junction to Case Rth(j-c) 1.75 °C/W 
Junction to Ambient Rthij-a) 35 °C 


* Pulsed PW S300yus, duty cycle < 10% 


an 


NTC1868 


NE Cc ELECTRON DEVICE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


CHARACTERISTIC SYMBOL 


TEST CONDITIONS 





Collector to Emitter VcEO(sUS) 


Table 1. Ic = 5A, 1g1=1A, L=100UH 





Sustaining Voltage VcEX(SUS)1 


Table 1. Ic =5A, !g1,=-Igg=1A 
Veclamp = Rated Vcex, Ta = 125°C 





VcCEX(SUS)2 





Collector Cutoff Current ICER 


Table 1. IG =10A, 1g1=2A, |p2=-1A, 
Vclamp = Rated Vcex, Ta= 125°C 





l Vce =500V, Ree =502, Ta = 125°C 





ICEX 





ICEX 





Pas 


Emitter Cutoff Current EBO 


Second Breakdown Collector Current 


pA 


Voce = 500V, VeE(OFF) =-1.5V 
Voce = 500V, VBE(OFF) =-1-5V. 
Ta = 125°C 

Veep =7.0V, Ic =0 

t= 1.0s, VcE = 40V, Te = 25°C 








Second Breakdown Energy 


Ic = 5A, Ip1 = 1A, VBE(OFF) = 5V 





DC Current Gain 


VcE=5V, Ic=3A** 








VcE=5V, Ic =5A ** 





Collector Saturation Voltage VCE (sat) 


Ic =5A, Ig=tA ** 





VCE(sat) | 


[ic=5A, ip=1A, Ta= 125°C ** 





Base Saturation Voltage VBE (sat) 





an 


ic =5A, 


Igp=i1A ** 





VBE (sat) 


Ic =5A, 


Ip=1A, Ta=125°C ** 





Gain Bandwidth Product 


al 


IVcE= 10V, Ic=300mA, fo=3.0 MHz, Tc=25°C 





Output Capacitance 





VcB = 10V, fo = 1.0 MHz 





Delay Time 





Rise Time 


ieee Load (Table 1.) 





Ta=125°C Ic= 5A, Ip, =-Ig2=1A 





Storage Time 


Rx, =3092, Vcc = 150V 





Ta=125°C PW-~ 50s, duty cycle < 2% 





Fall Time 




















Ta = 125°C 





** PW S350 Us, duty cycle [2% 


TABLE 1. — TEST CONDITIONS FOR DYNAMIC PERFORMANCE 





2 


PW Varied to Attain Ic =5A 


PW Varied to Attain Ic = 5A 


2 


VCEO (SUS) VceEx (SUS) Es/B RESISTIVE SWITCHING 
“ i} Aber 1 ar R 
Z ai 0 BB1 Rep 
ona Y : 
= Lad — Veg ~10V Vege ~10V = VeE(OFF) ~5V 
za 
== 
Oo 
re) 


duty cycle 2% Qy = 2SA959 





Legit = 100UH, Voc = 10V 
Regi} = 0.05Q 
Veclamp (Unclamped) 


CIRCUIT 
VALUES 





Lcoit = 180 LH, Voc = 20V 
Reoil = 0.05Q 
Velamp = Rated VCEXx Value 









INDUCTIVE TEST CIRCUIT 





TEST CIRCUITS 


D1=F114F D2=6FH4S 


bal arty WAVEFORM 
c 


tt Clamped 


\y tf Unclamped 


Leoil = 40 HH, Vcc = 10V 
Reoit = 0.05Q, Rgg2 = 502 
Velamp (Unclamped) 





Leoiy (I 
ty = coil C pk) 


Legit (1 
2 = coil ('C pk) 


RL =302, Vcc™150V 





RESISTIVE TEST CIRCUIT 
t4 Adjust to 


Obtain iC 


Vcc 


Velamp 








NEC erectron vevice NTC1868 


TYPICAL CHARACTERISTICS (Ta=25°C) 
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COLLECTOR CURRENT vs. COLLECTOR TO 
EMITTER VOLTAGE DC CURRENT GAIN vs. COLLECTOR CURRENT 
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hee—DC Current Gain 
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NTC1868 NEC ctectron vevice 


BASE AND COLLECTOR SATURATION TURN ON TIME, STORAGE TIME AND FALL TIME 
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ELECTRON DEVICE 


NPN SILICON EPITAXIAL MESA TRANSISTOR 


DESCRIPTION 


SILICON POWER TRANSISTOR 


NTC1869 


HIGH SPEED HIGH CURRENT SWITCHING 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


PACKAGE DIMENSIONS 
in millimeters (inches) 


25MAX. s 
(g0.984MAX,) 2 

22.5MAX. 3 ~s x 

(p0.886MAX}}} 2S SS 4B 

Hh Em 

oa as 





11.5410 
(0.453) 





(60.039) 







40MAX. 
(1.575MAX.) 





2— 64.00.15 VY” 
(¢0.157) 


27,.2MAX. 
{1.071MAX.) 






30.2 + 0.2 
(1.189) 


1. Base 
2. Emitter 
3. Collector (Case) 


EIAJ :TC-3,TB-3 
JEDEC:TO-3 
1—EC =:C14A,B18 


FEATURES 


@ High speed switching. 
@ Low collector saturation voltage. 


@ Specified of reverse biased S.0.A. with inductive loads. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Currents (Ta = 25°C) 


Collector to Emitter Voltage 

Collector to Emitter Sustaining Voltage 
Collector to Emitter Sustaining Voltage 
Emitter to Base Voltage 

Continuous Collector Current 

Peak Collector Current* 

Continuous Base Current 


Peak Base Current* 


Maximum Power Dissipations 


Total Power Dissipation 
Total Power Dissipation 


Total Power Dissipation 


Maximum Temperatures 


Junction Temperature 
Storage Temperature 


Lead Temperature 
1/8 inch from case for 10 seconds 


Thermal Resistances 


Junction to Case 
Junction to Ambient 


* Pulsed PW $300 us, 


Oo 


VCEX 
VCEO(SUS) 
VCEX(SUS) 

VEBO 

lc(DC) 

IC(pulse) 
IB(DC) 
IB (pulse) 


PT(Tc=25°C) 
PT(Tc=100°C) 
PT(Ta=25°C) 


Tj 
Tstg 


TL 


Rth(j-c) 
Rth(j-a) 


150 
100 
150 
7.0 


30 
5.0 


150 
86 
5 


200 
-65 to +200 


260 


industrial Use 


>rrprrpre<cec<cc 


== 


duty cycle < 10% 


NTC1869 


NEC ccectaon vevice 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


CHARACTERISTIC 


SYMBOL MIN. 


TEST CONDITIONS 





Collector to Emitter 
Sustaining Voltage 


VcCEO(SUS) 


100 


Table 1. I¢ = 10A, Igy =1A, L = 50unH 





VceEx(sus)1 


150 


Table 1. Ic =10A, 1g, =-!g2=1A 
Velamp = Rated Vcex, Ta = 125°C 





Veexieoaia 100 


Table 1. I¢ = 20A, Ig1=2A, Ip2=-1A 
| Vetamp = Rated Vcex, Ta = 125°C 





Collector Cutoff Current 


| 
ICER 


Vce = 150V, Reg =502, Ta = 125°C 





ICEX l 


Vce =150V, VBE(OFF) =-1.5V 





ICEX 


Vce =150V, VBE(OFF) =-1.5V, 


Ta = 125°C 





Emitter Cutoff Current 


t 


lEBO 


Veg =7.0V, Ic =0 





Second Breakdown Collector Current 


pal Ea 


's/B 





Second Breakdown Energy 


~~ 


[t= 1.05, VcE = 20V, Tc = 25°C 





Es/B 


le =10A, Ig1 = 1.54, VBE(OFF) = 5V 





DC Current Gain 


nFE1 


Vce=5V, Ic=5A** 





hFE2 





VcE=5V, Ic=10A ** 





Collector Saturation Voltage 


VCE (sat) 





Ic = 10A, Ig = 1.0A * 





| VCE(sat) 


| tc = 10A, Ig =1.0A, Ta = 125°C ** 





Base Saturation Voltage 


VBE (sat) 


Ic =10A, tg =1.0A ** 





| VBE(sat) 


tc =10A, Ip =1.0A, Ta= 125°C ** 





Gain Bandwidth Product 


Vce=10V, Ic=500m<A, f4=3.0 MHz, Tc=25°C 





Output Capacitance 





Vcp = 10V, fo = 1.0 MHz 





Delay Time 





Rise Time 


Storage Time 


Fall Time 


TABLE 1. 


VCEO (SUS) 


ee Load (Table 1.) 














VCEX (SUS) 


Ta=125°C Ic =10A, Ip1 =-IB2 =1.0A 
Rx, =3.30,Vcc = 50V 


Ta=125°C PW 50us, duty cycle < 2% 








Ta = 125°C 


** PW<350 us, duty cycle $2% 


— TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


Es/B RESISTIVE SWITCHING 





VIN 


U 


a1 Fse1 


= Vege = 10V 


INPUT 
CONDITIONS 


2 


PW Varied to Attain Ic =10A 


ai 


Resi 


1 
Ree2 


Vee = 10V"—" VBE(OFF) =5V 
2 


PW Varied to Attain ic =10A duty cycle 2% Qy = 2SA959 





Legit = SOKMH, Voc = 10V 
Regi) = 0.0592 
Velamp (Unclamped) 


CIRCUIT 


n 
w 
2 
4 
< 
> 


Leoil = 180 MH, Voc = 20V 
Reoit = 0.0522 
Velamp = Rated Vcex Value 


Leoi) = 40 KH, Vcc = 10V R_ = 5.09, Vcc ™50V 
Reoil = 0.05Q, Rgp2 = 502 


Velamp (Unclamped) 





INDUCTIVE TEST CIRCUIT 


TEST CIRCUITS 


tf Clamped RESISTIVE TEST CIRCUIT 


tf Unclamped 
vv p 


OUTPUT WAVEFORM 
Ic t1 Adjust to 


Obtain IC 


‘ae Leoit (Ic pk) 
Vec 
ive Lcoit (Ic pk) 

Velamp 


D1=F114F D2 =6FH4S 





NEC ecrectron pevice 


TYPICAL CHARACTERISTICS (Ta=25°C) 


dT—Forward Bias SOA Derating— % lg —Collector Current—A 


le—Collector Current—A 


REVERSE BIAS SAFE OPERATING AREA 


Vegoisus) 








0 50 100 150 


Voe—Collector to Emitter Voltage —V 


DERATING CURVE OF FORWARD BIAS SAFE 
OPERATING AREA 


0 50 100 150 200 


COLLECTOR CURRENT vs. COLLECTOR TO 
EMITTER VOLTAGE 


Vce—Collector to Emitter Voltage 








cA 


NTC1869 


FORWARD BIAS SAFE OPERATING AREA 


a ree a 
20 neta | 1 


le —Collector Current—A 





2 5 10 20 50 100 
Voge —Collector to Emitter Voltase —V 


ill tA rT] 
il 
i att at I 


rth(j—c)—Transient Thermal Resistance —‘C/W 





PW—Pulse Width—ms 


DC CURRENT GAIN vs. COLLECTOR CURRENT 


on I —e La 
Mash LINN 
CSP TTS 


hp_-—Do Current Gain 


————————————————— eo 
yt 1} i 





ic—Collector Current—A 


NTC1869 


Voe(sat)—Collector Saturation Voltage—V 


Vae(sat)—Base Saturation Voltage—V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLETCOR CURRENT 






re 













tH Htit— 
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0.02 Prt 
001 Frit tt 
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lc—Collector Current—A 


re 


NEC etectaon vevice 


TURN ON TIME, STORAGE TIME AND FALL TIME 
vs. COLLECTOR CURRENT 


ton—Turn-on Time—ys 
tstg—Storage Time—ys 
tf—Fall Time—ys 





“01 02 05. 1 2 5 10 


lc—Collector Current—A 





SILICON POWER TRANSISTOR 


NEC © 
ELECTRON DEVICE a | N TC1870 


HIGH SPEED HIGH CURRENT SWITCHING 
NPN SILICON EPITAXIAL MESA TRANSISTOR 


Industrial Use 


DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications, 


FEATURES 


PACKAGE DIMENSIONS © — High speed switching. 
in millimeters (inches) @ Low collector saturation voltage. 


@ Specified of reverse biased S.0.A. with inductive loads. 


25MAX. = 
eosin 2 
e22smax. | _ 3 2 ABSOLUTE MAXIMUM RATINGS 
(o0.ssemax)| & 2g x= 
Bh -TES . 
2 ae Maximum Voltages and Currents (Ta = 25°C) 

















173% ee Collector to Emitter Voltage VCEX 300 Vv 
gee ia ag Collector to Emitter Sustaining Voltage VcEO(suUS) 200 V 
LLSEMAN Collector to Emitter Sustaining Voltage VCEX(SUS) 250 Vv 
G 33 Emitter to Base Voltage VEBO 7.0 Vv 
aa 4 nS Continuous Collector Current Ic(DC) 15 A 
3 Peak Collector Current” IC(pulse) 30 A 
Saal Continuous Base Current IB(DC) 5.0 A 
Peak Base Current* 1B (pulse) 10 A 
1. Base 
. ee ees Maximum Power Dissipations 
Bin aaa Total Power Dissipation PT (Tc=25°C) 150 Ww 
JEDEC:TO-3 Total Power Dissipation PT(Tc=100°C) 86 Ww 
Bees” TRL wre Total Power Dissipation PT(Ta=25°C) 5 W 
Maximum Temperatures 
Junction Temperature Tj 200 °c 
Storage Temperature Tstg -65 to +200 °C 
Lead Temperature 
1/8 inch from case for 10 seconds TL 260 ba 2 
Thermal Resistances 
Junction to Case Rth(j-c) 1.17 °C/W 
Junction to Ambient Rth(j-a) 35 °C/W 


* Pulsed PW S300 us, duty cycle < 10% 


RR 


NTC1870 


NEC erectron vevice 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


CHARACTERISTIC 


SYMBOL 


MIN. 


TEST CONDITIONS 





Collector to Emitter 
Sustaining Voltage 


VcEO(sUS) 


200 


Table 1. Ic = 10A, Igy = 1A, L = 50H 





VCEX(SUS)1 


250 


Table 1. Ic =10A, tp = -lB2 =1A 
Veclamp = Rated VCEX, Ta= 125°C 





Vcex(sus)2| 


200 


Table 1. Ic = 20A, 'B1 =2A, IB2 =-1A, 
Velamp = Rated Vc_ex, Ta = 125°C 





Collector Cutoff Current 


Emitter Cutoff Current 
Second Breakdown Collector Current 


ICER 


VcE = 300V, Reg = 502, Ta = 125°C 





* ICEX 





Vce =300V, VBE(OFF) =-1.5V 





ICEX 


's/B 





Second Breakdown Energy 


Es/B 


Voce =300V, VBE(OFF) =-1.5V, 
Ta = 125°C 
Ves = 7.0V, Ic =0 








t=1.0s, Vcg = 20V, Te = 25°C 





ic = 10A, Igy = 1A, Vge(OFF) = 5V 





DC Current Gain 


hee 


VceE=5V, Ic=5A** 





hFE2 


VcE =5V, Ic =10A ** 





Collector Saturation Voltage 


VCE(sat) | 





Ic =10A, Ig=1A ** 





VCE(sat) 


Ic = 10A, lp = 1A, Ta= 125°C ** 








Base Saturation Voltage 


VBE(sat) 


Ic = 10A, Igp=1A ** 





VBE(sat) sil 


Ic = 10A, Ig = 1A, Ta= 125°C ** 





Gain Bandwidth Product 





fr 


VcE=10V, Ic=500mA, f9=3.0 MHz, Tc=25°C 





Cob 


VcB = 10V, fg = 1.0 MHz 





Delay Time 


Output Capacitance ' 


tg 


Resistive Load (Table 1.) 





Rise Time 


tr 











tr 


Ta=125°C Ic =10A, Igi =-Ip2 =1A 





Storage Time 


tstg 


Rx _ = 102, Vcc = 100V 





tstg 





Ta=125°C PW 50us, duty cycle < 2% 





Fall Time 


TABLE 1. 


VCEO (SUS) 


ii 





tf 





Ta = 125°C 


** PW $350 Hs, duty cycle s 2% 


— TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEX (SUS) 


Es/B RESISTIVE SWITCHING 





1 


Vv 


IN 


U 


1 
assy Reet 


ai Resi 


Res2 


INPUT 
CONDITIONS 


CIRCUIT 
VALUES 


TEST CIRCUITS 


= Veg ~10V 


PW Varied to Attain Ic = 10A 


Vege ~10V — Vege(orrF) ~5V 
2 


PW Varied to Attain IC =10A duty cycle S2% 4 = 2SA959 





Leoil = SOKH, Voc = 10V 
Reoit = 0.0522 


’ Velamp (Unclamped) 


Legit = 180 WH, Voc = 20V 
Reoil = 0.052 
Vctamp = Rated Vcex Value 


Leoil = 40 MH, Vcc = 10V 
Reoit = 0.0522, Raga = 502 
Velamp (Unclamped) 


RL = 102, Voc~100V 





INDUCTIVE TEST CIRCUIT 


adhe ll WAVEFORM 
c 


D1=F114F D2=6FH4S 





cv? 


tt Clamped RESISTIVE TEST CIRCUIT 


t4 Adjust to 
q eit Unctamped 


Obtain IC 
t= Leoil (Ic pk) 
Vcc 


Be Leoil (Ic pk) 
: Vclamp 


NEC erectnon vevice NTC1870 


TYPICAL CHARACTERISTICS (Ta=25°C) 


REVERSE BIAS SAFE OPERATING ARAE FORWARD BIAS SAFE OPERATING AREA | 


Soe 
or 


I¢—Collector Current—A 
lc—Collector Current—A 





0 100 200 300 400 2 5 20 50 100 200 500 
Voe—Collector to Emitter Voltage—V Voe—Collector to Emitter Voltage —V 


DERATING CURVE OF FORWARD BIAS SAFE 
OPERATING AREA TRANSIENT THERMAL RESISTANCE 
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l¢—Collector Current—A 


hpe—DC Current Gain 





ere to Emitter Voltage—V I¢-—Collector Current—A 


NTC1870 NEC erectron pevice 


BASE AND COLLECTOR SATURATION ; TURN ON TIME, STORAGE TIME AND FALL TIME 
VOLTAGE vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT 
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Vce(sat)—Collector Saturation Voltage—V 
Saturation Voltage—V 
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SILICON POWER TRANSISTOR 


NEC 
ELECTRON DEVICE NTC1I871A 


HIGH SPEED HIGH CURRENT SWITCHING 
NPN SILICON TRIPLE DIFFUSED MESA TRANSISTOR 


Industrial Use 


DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


FEATURES 


PACKAGE DIMENSIONS @ — High speed switching. 
in millimeters (inches) @ Low collector saturation voltage. 


@ Specified of reverse biased $.O.A. with inductive loads. 












25MAX. a 
( ¢0.984MAX, ): “2 
SMAX. =5 
a5 s ABSOLUTE MAXIMUM RATINGS 
~~ S 
<= 
aie == Maximum Voltages and Currents (Ta = 25°C) 
+ 0.08 w S 
ine ane +2 Collector to Emitter Voltage VCEX 500 Vv 
we Collector to Emitter Sustaining Voltage VCEO(SUS) 400 V 
ee Collector to Emitter Sustaining Voltage VCEX(SUS) 450 Vv 
22 Emitter to Base Voltage VEBO 7.0 Vv 
vs Continuous Collector Current Ic(Dc) 15 A 
Peak Collector Current* IC(pulse) 30 A 
a eet Continuous Base Current IB(DC) 5.0 A 
i Base Peak Base Current* IB (putse) 10 A 
2. Emitter 
3. Collector (Case) Maximum Power Dissipations 
EIAJ :TC-3,TB-3 Total Power Dissipation PT (Tc=25°C) 150 W 
npaieae: Total Power Dissipation P 100° 86 Ww 
IEC :C14A,B18 sas T(Te=100'C) 
Total Power Dissipation PT(Ta=25°C) 5 W 
Maximum Temperatures 
Junction Temperature Tj 200 a 6 
Storage Temperature Tstg -65to +200 °C 
Lead Temperature 
1/8 inch from case for 10 seconds Th 260 2¢ 
Thermal! Resistances 
Junction to Case Rth(j-c) 1.17 °C/W 
Junction to Ambient Rthi(j-a) 35 °C/W 


* Pulsed PWS 300 ys, duty cycle < 10% 


60 : _. 


NTC1871A 


NEC erectron vevice 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


CHARACTERISTIC 


SYMBOL : 3 ; TEST CONDITIONS 





Collector to Emitter VCEO(SUS) Table 1. I¢ =10A, Ipy = 2A, L = SOMH 





Sustaining Voltage VceEx(sus)1 Table 1. IC =10A, 1p, =-lgo= 2A 


Velamp = Rated VCEX, Ta= 125°C 





VCEXx(sus)2 Table 1. Ic = 20A, py = 4A, Ip = -2A 


{ Velamp = Rated Vcex, Ta = 125°C 





Collector Cutoff Current 


T 
ICER : Vce = 500V, Ree =502,, Ta = 125°C 








Icex | Vce = 500V, VeE(OFF) =-1.5V 





Emitter Cutoff Current 
Second Breakdown Collector Current 


1 


ICEX ; Vce = 500V, VgE(OFF) =-1.5V, 
Ta = 125°C 
i 


Vep = 7.0V, Ico =0 
Is7B t=1.0s, Vcg = 40V, Te = 25°C 








Second Breakdown Energy 


Es/B ; Ic = 10A, Igy = 2.0A, VBE(OFF) = 5V 





—_~ 


DC Current Gain 


hFEq | [Vce=5V, Ic = 5A ** 





hFE2 VceE=5V, Ic =10A ** 





Collector Saturation Voltage 





VCE (sat) : ic =10A, Ip =2A ** 





Base Saturation Voltage c 


VCE (sat) Mic =10A Ip =2A,Ta= 125°C ** 





VBE (sat) ; ic = 10A, lg = 2A ** 





| VBE(sat) F Ic =10A, lg =2A, Ta= 125°C ** 





Gain Bandwidth Product 


= \VcE= 10V, Ic=500mA, fo=3.0 MHz, Tc=25°C 





Output Capacitance 


VcB = 10V, fo = 1.0 MHz 





Delay Time 


\ Resistive Load (Table 1.) 








Rise Time 





Ta=125°C Ic =10A, Igy =-Igo =2A 





Storage Time 


Ry =152, Voc = 150V 





Ta=125°C PW= 50us, duty cycle < 2% 





Fall Time 





+ 














Ta = 125°C 











** PW < 350 Us, duty cycle — 2% 


TABLE 1. — TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEO (SUS) 


VCEX (SUS) RESISTIVE SWITCHING 





VIN 


ipso 


— VEE =~ 10V 


CONDITIONS 


PW Varied to Attain Ic = 10A 


ai R 
BB1 Raed 


Veg ~10V = VBE(OFF) =5V 
2 


PW Varied to Attain IC =10A duty cycle S2% Q, = 2SA959 





Legit = 50KH, Voc = 10V 
Regi = 0.0582 
Vetamp (Unclamped) 


Eg 
25 
oz 
4 
o> 


a ara 
Leoil = 180 LH, Vec = 20V Leoil = 40 HH, Voc = 10V RL = 152, Vcc150V 


Reoil = 0.0522 Reoil = 0.0522, Rgg2 = 500 
Velamp = Rated Vcex Value Velamp (Unclamped) 





INDUCTIVE TEST CIRCUIT 





TEST CIRCUITS 


D1=F114F D2=6FH4S 





OUTPUT WAVEFORM tf Clamped RESISTIVE TEST CIRCUIT 
Ic ty Adjust to 
Xe if Unclamped Obtain IC 


iR coil 
= Leoil (Ico pk) 


t 
: Vec 


iL coil 
I 
Legit (4 ) 
tQ= coil (IC pk 
Velamp 





NEC erectaon pevice NTC1871A 


TYPICAL CHARACTERISTICS (Ta=25°C) 


REVERSE BIAS SAFE OPERTING AREA FORWARD BIAS SAFE OPERATING AREA 


lo—Collector Current—A 
lc—Collector Current—A 





0 100 200 300 400 500 “TT 2 5 10 20 50 100 200 500 
Voe—Collector to Emitter Voltage —V Voe—Collector to Emitter Voltage—V 


DERATING CURVE OF FORWARD BIAS SAFE 
OPERATING AREA TRANSIENT THERMAL RESISTANCE 





dT—Forward Bias SOA Derating— °%/ 
‘th(j—c)—Transient Thermal Resistance —°C// W 





0 50 100 150 200 250 
Tco—Case Temperature—‘C PW—Pulse Width—ms 


COLLECTOR CURRENT vs. COLLECTOR TO 
EMITTER VOLTAGE DC CURRENT GAIN vs. COLLECTOR CURRENT 


i 
» c 
a ‘@ 100 
2 roo) 
5 - 
(é) = 50 
5 E 
8 3 
3 © 90 
S _9 
[o) a 
| | 10 
2 i 

pwd 





1 
0.02 0.05 0.1 0.2 05 1 2 5 10 20 
Vee—Collector to Emitter Voltage—V \c—Collector Current—A 


g9 


N: E Cc ELECTRON DEVICE 


NTC1871A 





estate 


CCM 


HII 


TURN ON TIME, STORAGE TIME AND FALL TIME 


vs. COLLECTOR CURRENT 


st—auily [24—H 
s1—owt] o3e10}9— 31S} 
s7?— aul, Uo-uiny — U0} 


BASE AND COLLECTOR SATURATION | 
VOLTAGE vs. COLLECTOR CURRENT 


A—9e8el0A uolesmes eseg— Ges)ae, 
A—OBeYOA uoeINyeS 103001109 — (12S)30,, 








0.050.1 02 0.5 


0.02 


lc—Collector Current—A 


le—Collector Current—A 


NEC 


ELECTRON DEVICE 


SILICON POWER TRANSISTOR 
NTC2331 


HIGH SPEED HIGH CURRENT SWITCHING 
NPN SILICON EPITAXIAL TRANSISTOR 


DESCRIPTION 


Industrial Use 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


PACKAGE DIMENSIONS 
in millimeters (inches) 


10.7MAX. 


$3,6£0.2 
{¢0.142) 





2 3%] 0540.2 
0.051) FH | t| (0.02) 


28 
{0.11} 


1. Base (8) 

2. Collector (C} 
3. Emitter (E) 

4. Fin (Collector) 


JEDEC: TO-220AB 


4.9MAX. 
(0.193MAX,) 
1,340.2 
(0.051) 


FEATURES 
@ High speed switching. 
® Low collector saturation voltage. 


@ Specified of reverse biased SOA with inductive loads. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Voltages and Currents (Ta=25°C) 


Collector to Emitter Voltage VCEX 200 Vv 

Collector to Emitter Sustaining Voltage VCEQ(sUS) 100 V 

Collector to Emitter Sustaining Voltage VCEX(SUS) 100 Vv 

Emitter to Base Voltage VEBO 7.0 V 

Continuous Collector Current IC(DC) 2.0 A 

Peak Collector Current IC (pulse) * 4.0 A 

Continuous Base Current IB(DC) 1.0 A 
Maximum Power Dissipations 

Total Power Dissipation PT(Tc=25°C) 40 Ww 

Total Power Dissipation PT(Tc=100°C) 16 W 

Total Power Dissipation PT(Ta=25°C) 2.0 W 
Maximum Temperatures 

Junction Temperature Tj 150 °C 

Storage Temperature Tstg —55to+150 °C 

Lead Temperature 

1/8 inch from case for 10 seconds TL 260 °C 

Thermal Resistances 

Junction to Case Rth (j-c) 3.13 °C/W 

Junction to Ambient Rth(j-a) 62.5 °C/W 


* Pulsed PW<300us, duty cycle <10% 


NTC2331 


ELECTRICAL CHARACTERISTICS (Ta=25°C u 





Collector to Emitter 
Sustaining Voltage 


VCEX(SUS)1]_ 100 















VCEX(SUS)2 


ICEX2 
ICER 


Emitter Cutoff lEBO 
Current 


0.75 












Collector Cutoff 
Current 








Second Breakdown 
Collector Current 












pS 
oO 


Second Breakdown 
Energy 










DC Current Gain hFE1 


hFE2 
VCE (sat) 


tf 


40 





Collector Saturation 
Voltage 






Base Saturation 
Voltage 







Gain Bandwidth Product 


Output Capacitance . 


Turn On Time 


Storage Time 


Vclamp = 100V 
Vclamp = 100V 


Fal! Time 





*1 VceE clamped 
*2  VcE clamped 
*3 


CHARACTERISTIC SYMBOL UNIT TEST CONDITIONS 
eee ae 
ai 


NEC ELECTRON DEVICE 


nless otherwise noted.) 






Ic=1.0A, 1B=0.10A, L=1mH 


=—5V, L=180uH Ta=125°C *1 






Ic=2.0A, 1gB1=0.2A, Ip2=—0.1A, 
VBE(OFF)=—5V, L=180uH 
Ta= 125°C *2 












VcE=100V, VBE(OFF)=—1.5V 


VcCE=100V, VBE(OFF)=—1.5V 


HA 
1.0 mA 
Ta=125°C 
} 10 | mA VcE=100V, RBE=1002, Ta=125°C 


ae pA VeEB=5.0V, Ic=0 
a VcE=20V, t=1sec, Tc=25°C 















IC=1.0A, 1B 1=0.10A, VBE(OFF)=—5V. 
Rpg=50Q, L=80uH 






VcCE=5.0V,1c=0.1A *3 


_ VcE=5.0V,IC=1.0A, * 


Ic=1.0A,!gp=0.10A * 








3 
3 






_ 
ol 





MHz | Vce=10V, Ic=50mA, f=3MHz 


Vcp=10V, le=0, f=1MHz 








IC=1.0A, IB1=—-1B2=0.1A, 


1.5 





VBE(OFF)=—5.0V, RL=502 


0.3 


Pulsed PW<350us, duty cycleg2% 


ec 





NEC teecteon vevice NTC2331 


TYPICAL CHARACTERISTICS (Ta=25°C) 


TOTAL POWER DISSIPATION vs. FORWARD BIAS SAFE OPERATING AREAS 
CASE TEMPERATURE 
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Ic (pulse) MAX.H 
. 5000 
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0 50 100 150 1 2 5 10 20 50 100 200 


Tc — Case Temperature — °C VcE — Collector to Emitter Voltage — V 


DERATING CURVE SAFE OPERATING 


AREAS TRANSIENT THERMAL RESISTANCE 


























dT — Percentage of Rated Current — % 
Rth(j—c) —Thermal Resistance — °C/W 

























































































0 50 100 150 i : A 5 10 
Tc — Case Temperature — °C PW — Pulse Width — ms 


COLLECTOR CURRENT vs. COLLECTOR TO 


REVERSE BIAS SAFE OPERATING AREAS EMITTER VOLTAGE 





























Ic — Collector Current — A 















































0 40 80 120 0 1 2 3 4 5 
Vce — Collector to Emitter Voltage — V VceE — Collector to Emitter Voltage — V 


RR 


NTC2331 NEC tcectron vevice 


DC CURRENT GAIN vs. COLLECTOR BASE AND COLLECTOR SATURATION 
CURRENT VOLTAGE vs. COLLECTOR CURRENT 
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VCE (sat) — Collector Saturation Voltage — V 
VBE (sat) — Base Saturation Voltage — V 




















































































































1 2 5 10 20 50 100200 50010002000 5000 2 5 10 20 50 100 200 5001000 2000 
i¢ — Collector Current — mA Ic — Collector Current — mA 


TURN ON TIME, STORAGE TIME AND FALL 
TIME vs. COLLECTOR CURRENT 






























































ton — Turn On Time — us 
tstg — Storage Time — us 
tof¢ — Fall Time — us 



























































10 20 50 100 200 500 1000 2000 
Ic — Collector Current — mA 


SWITCHING TIME (ton, tstg, tf) TEST CIRCUIT 


R__=502 


VIN 


ew! 


PW250us Ic 
duty cycleS 2% ~VpB=—5V 





SILICON POWER TRANSISTOR 
NTC2333 


HIGH SPEED HIGH CURRENT SWITCHING 
NPN SILICON TRIPLE DIFFUSED TRANSISTOR 


NEC 


ELECTRON DEVICE 


Industrial Use 


DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


PACKAGE DIMENSIONS 
in millimeters (inches) 


10.7MAX, 
t= (0.421MAX.) 
se 3,640.2 
(90.142) 












15.9MAX, 


(0.252MAX.)| {0.228MIN.) 


4.9MAX, 
(0.193MAX.} 
1.32.0.2 
{0.051} 


FEATURES 
@ High speed switching. 


@ Low collector saturation voltage. 


@ Specified of reverse biased SOA with inductive loads. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Currents (Ta=25°C) 


(os (eae) Collector to Emitter Voltage VCEX 500 V 
to.0at) saat ion Collector to Emitter Sustaining Voltage VCEQ(SUS) 400 Vv 
(0.1) {0.1) 
Collector to Emitter Sustaining Voltage VCEX(SUS) 450 Vv 
Emitter to Base Voltage VEBO 7.0 Vv 
i = ene A Continuous Collector Current IC(DC) 2.0 A 
. Sele Peak Collector Current IC(pulse) * 4.0 A 
JEDEC: 70-2088 Continuous Base Current 1B (DC) 1.0 A 
Maximum Power Dissipations 
Total Power Dissipation PT (Tc=25 °C) 40 Ww 
Total Power Dissipation PT(Tc=100°C) 16 Ww 
Total Power Dissipation PT (Ta=25°C) 2.0 Ww 
Maximum Temperatures 
Junction Temperature Tj 150 °C 
Storage Temperature Tstg —55 to+150 °C 
Lead Temperature 
1/8 inch from case for 10 seconds TL 260 °C 
Thermal Resistances 
Junction to Case Rthij-c) 3.13 °C/W 
Junction to Ambient R th(j-a) 62.5 °C/W 


* Pulsed PW<3002s, duty cycle ¢ 10% 


“RQ 


NTC2333 NEC tcectron oevice 


ELECTRICAL CHARACTERISTICS (Ta=25°C unless otherwise noted.) 


CHARACTERISTIC SYMBOL UNIT TEST CONDITIONS 


V 
~N 
VCEX(SUS)2 A 
VBE(OFF)=—5V, L=180uH, *2 
Ta=125°C 


ICEX1 [ A0.] HA VcE=400V, VBE(OFF)=—1.5V 
1 


ICEX2 mA VcE=400V, VBE(OFF)=—-1.5V, 
Ta=125°C 
ICER p10 mA VcE=400V, RgE=1002, Ta=125°C 


0 
Emitter Cutoff lEBO 10 pA VEB=5.0V, Ic=0 

Current 

IS/B VcE=40V, t=1.0sec. Tc=25°C 





Collector to Emitter 
Sustaining Voltage 



























Ic¢=0.5A, 1B1=—!B2 = 0.1A.VBE(OFF) 
=—5V, L=180yuH, Ta=125°C*1 












Ic=1A, 1g1=0.2A, Ipg=—0.1A, 





Collector Cutoff 
Current 





Second Breakdown 
Collector Current 





Ic=0.5A, 131=0.1A, VBE(OFF)=—5V, 
ReB=502, L=200uH 


Second Breakdown 
Energy 

























DC Current Gain 


Vce=5.0V,Ic=0.1A *3 


hFEe2 Vce=5.0V,!Ic=0.5A *3 


pF VcB=10V, IE=0, f=1MHz 


1.5 





Collector Saturation 
Voltage 


Base Saturation | VBE(sat) 
Voltage 
Gain Bandwidth Product ee 


fT. 

Output Capacitance Cob 
on 
tf 


VCE (sat ca 
= Ic=0.5A, 1p=0.1A *3 
VCE=10V, Ic=50mA, f=3MHz 


Turn On Time 


Storage Time 


*1  VceE clamped, Vclamp=450V 
*2 VCE clamped, Vclamp=400V 
*3 Pulsed PWS 350us, duty cycles 2% 


Ic=0.5A, 1B1=—Ip2 =0.1A 






VBE(OFF)=—SV, RL=3008 








aa 


Ni KE ( ¢ ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25°C) 


TOTAL POWER DISSIPATION vs. CASE 
TEMPERATURE 


Py — Total Power Dissipation — W 


dT — Percentage of Rated Current — % 


'¢ — Collector Current — A 





0 50 100 150 


100 


80 


60 


40 


Tc — Case Temperature — °C 


DERATING CURVE OF SAFE OPERATING 
AREAS 








20 














50 100 150 


Tc — Case Temperature — °C 


REVERSE BIAS SAFE OPERATING AREA 


Vce — Collector to Emitter Voltage — V 


7n 


NTC2333 


FORWARD BIAS SAFE OPERATING AREAS 


8 
oO 






— Collector Current — mA 
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= cor rT YN 
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UW LTT TN 
10;—y~"—"§ 10-20 +50 100 200 5 
00 
VcE — Collector to Emitter Voltage — V 
TRANSIENT THERMAL RESISTANCE 
==5 
= SG GL ea rT 
¢ a A 
pipes cea a 0 | a 
ea 
3 See 
c H A 
aS Sa a) 
Poe 
| od 
I pz 
2 oft 
= 9%. 4 
c (essa) mz 
0.1 #O2 O05 1 2 5 10 20 50 100 
PW — Pulse Width — ms 
COLLECTOR CURRENT vs. COLLECTOR 
TO EMITTER VOLTAGE 
ii ea O(a a a a a Ba 
0. 
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Ss 
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Vce — Collector to Emitter Voltage — V 


NTC2333 NE ELECTRON DEVICE 


DC CURRENT GAIN vs. COLLECTOR BASE AND COLLECTOR SATURATION 
CURRENT VOLTAGE vs. COLLECTOR CURRENT 








Vce=5V 
Pulsed 
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hee — DC Current Gain 



























VCE(sat) — Collector Saturation Voltage -V 


VBE(sat) — Base Saturation Voltage ~ V 
=) 
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5 0.05 iio 
Hh tH I] 
: “fe net 
LAI | i oot LLL EE UUI | LETT 
1 2 5 10 20 50 100 200 5001000 10 2 5.0 10 20 50 100 200 500 1000 
Ic — Collector Current — mA Ic — Collector Current — mA 


TURN ON TIME. STORAGE TIME AND 
FALL TIME vs. COLLECTOR CURRENT 


tea 


ton —~ Turn On Time — us 
tstg — Storage Time — ys 
toff — Fall Time —us 





50 100 200 500 1000 


Ic — Collector Current — mA 


SWITCHING TIME (ton, tstg, tf) TEST CIRCUIT 


R.=3002 





VIN ip 
IB2 
Vec=1 50V 
al pwle- 90% 
Cc 
~5 
PW~50us ~Vagz—5V Ic 10% 


duty cycle$2% 
ton tstg tf 


NEC SILICON POWER TRANSISTOR 


ELECTRON DEVICE N T C 2 3 3 4 
HIGH SPEED HIGH CURRENT SWITCHING 
NPN SILICON EPITAXIAL TRANSISTOR 
Industrial Use 
DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


PACKAGE DIMENSIONS FEATURES 
in millimeters (inches) @ High speed switching. 


0.7MAX. @ Low collector saturation voltage. 
Sa (O.421MAX) 4 oo 49Max. 
&% | 109 (90.142) (0193MAX) @ Specified of reverse biased SOA with inductive loads. 






1,340.2 
{0.051} 





| 
ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Currents (Ta=25 °C) 





TD 
* R 
AMAX, 58MIN. 
15.9MAX. 
J|(0.626MAx.) 


(0.252MAX.)) (0.228MIN.) 
! 


0.65:0,1 


6.4 


(0.051) (0.026) Collector to Emitter Voltage VCEX 200 Vv 
003) ee cn Collector to Emitter Sustaining Voltage VcEO(SUS) 100 V 
refs] Collector to Emitter Sustaining Voltage VCEX(SUS) 100 V 
Emitter to Base Voltage VEBO 7.0 Vv 
1. Base (8) Continuous Collector Current IC(DC) 7.0 A 
: en Peak Collector Current IC(pulse) * 15 A 
JEDEC: T0.22088 Continuous Base Current IB(DC) 3.5 A 
Maximum Power Dissipations 
Total Power Dissipation PT (Tc=25°C) 65 Ww 
Total Power Dissipation PT(Tc=100°C) 26 W 
Total Power Dissipation PT (Ta=25°C) 2.0 Ww 
Maximum Temperatures 
Junction Temperature Tj 150 °C 
Storage Temperature _ Tstg —55 to+150 °C 
Lead Temperature 
1/8 inch from case for 10 seconds TL 260 °C 
Thermal Resistances 
Junction to Case Rth(j-c) 192 °C/W 
Junction to Ambient R th(j-a) 62.5 °C/W 


*Pulsed PW <300ys, duty cycle $10% 


72 


NTC2334 NEC ELECTRON DEVICE 


ELECTRICAL CHARACTERISTICS (Ta=25°C unless otherwise noted.) 


CHARACTERISTIC SYMBOL ees UNIT TEST CONDITIONS 


VCEX(SUS)1 IC=5.0A, 1B1=—|B2=0.5A, VBE(OFF) 
=—5V,L=180nH Ta=125°C *1 
VCEX(SUS)2} 100 IC=10A, 1B1=1.0A, IB2=—0.5A, *9 
VBE(OFF)=—5V, L=180uH Ta=125°C 
eee Ca voor 
ICEX2 VcE=100V, VBE(OFF)=—1.5V 
Ta=125°C 


ICER ima | VcEe=100V, Rge=1002, Ta=125°C 


Emitter Cutoff IEBO 
Current 
Second Breakdown IS/B 2.0 A 
Collector Current 
Second Breakdown Es/B 125 pJ IC=5A, 1B1=0.5A, VBE(OFF)=—5V, 
Energy Rpep=500, L=10nH 


DC Current Gain hFE fo} | || VCE=5.0V, ICc=3.0A 
hFE2 20 VcCE=5.0V, Ic=5.0A *3 


Collector Saturation VCE (sat) 
Voltage 
Ic=5.0A, Ip=0.5A «3° 
Base Saturation 
Voltage 


Gain Bandwidth Product ges 


















Collector to Emitter 
Sustaining Voltage 












Collector Cutoff 
Current 
















VeEB=5.0V, Ic=0 


VCE=20V, t=1sec, Tc=25°C 





















(=) 
tw 


VCE=10V, Ic=0.2A, f=3MHz 


Output Capacitance 


Turn On Time ie 


Storage Time 


*1 VCE clamped Vclamp = 100V 
*2  VceEclamped Vclamp = 100V 
*3 Pulsed PW<$350ys, duty cycles 2% 


VcB=10V, IE=0, f=1MHz 


ic=5.0A, 1B1=—!B2=0.5A 


VBE(OFF)=—5V, RL=10Q _, Vcc™50V 


Fall Time 





2A 





NEC ctectron oevice NTC2334 


TYPICAL CHARACTERISTICS (Ta=25°C) 


TOTAL POWER DISSIPATION vs. 
CASE TEMPERATURE SAFE OPERATING AREAS 






































Ic — Collector Current — A 











Py — Total Power Dissipation — W 










































































0.03 Single Pulse 


0 50 100 160 1 10 100 1000 


Tc ~ Case Temperature — °C VcE — Collector to Emitter Voltage — V 


DERATING CURVE OF SAFE 
OPERATING AREAS TRANSIENT THERMAL RESISTANCE 



















































































@th(j-c) — Thermal Resistance — °C/W 








dT — Percentage of Rated Current — % 























































































































0 50 100 150 
Tc — Case Temperature — °C PW — Pulse Width — ms 


COLLECTOR CURRENT vs. COLLECTOR TO 
REVERSE BIAS SAFE OPERATING AREAS EMITTER VOLTAGE 
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tc — Collector Current — A 
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I¢ — Collector Current — A 
























































0 20 40 60 80 100 120 140 0 1 2 3 4 5 


VcE — Collector to Emitter Voltage — V VceE — Collector to Emitter Voltage — V 


7A 


NTC2334 NEC trectron vevice 


BASE AND COLLECTOR SATURATION 
DC CURRENT GAIN vs. COLLECTOR CURRENT VOLTAGE vs. COLLECTOR CURRENT 
1000 

















VcE=5.0V 
Pulsed 
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hee — DC Current Gain 


10 = 
Sectiiesettin 
“ 7 oe T 


0.01 0.1 1.0 10 0.01 0.1 1.0 10 





























VCE (sat) — Collector Saturation Voltage — V 











VBE (sat) — Base Saturation Voltage — V 






































































































































!¢ — Collector Current — A I¢ — Collector Current — A 


TURN ON TIME, STORAGE AND FALL TIME 
vs. COLLECTOR CURRENT 


10 
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frit 














ton — Turn-On Time — us 
tstg — Storage Time — us 
toff — Fall Time — us 
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0.01 
0.1 1.0 10 


I¢ — Collector Current — A 


SWITCHING TIME (ton, tstg, tf) TEST CIRCUIT 








VIN ie iB1 
IB2 
aa pwhe 90% 
Ic 
PW~ 50us \ 10% 
duty cycles 2% VBB~—5V : 


ton tstg tf 


lar md 


NEC 


ELECTRON DEVICE 


SILICON POWER TRANSISTOR 
NTC2335 


HIGH SPEED HIGH CURRENT SWITCHING 


NPN SILICON TRIPLE DIFFUSED TRANSISTOR 


DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


PACKAGE DIMENSIONS 
in millimeters (inches) 


3 
» 

of[z 

°o > 
Ex 
x 


$3.640.2 
($0. 142) 






1.320.2-4 
(0.051) FG f 


2,54 2.54 
(0.1) (0,1) 


1. Base (B) 

2. Coltector (C) 
3. Emitter (E) 
4. Fin (Collector) 


JEDEC: TO-220A8 


0.6520,1 
(0.026) 


FEATURES 
® High speed switching. 
@ Low collector saturation voltage. 


@ Specified of reverse biased SOA with inductive loads. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Voltages and Currents (Ta=25°C) 


*Pulsed PW $300ys, duty cycle<$10% 


76 


Industrial Use 


Collector to Emitter Voltage VCEX 500 

Collector to Emitter Sustaining Voltage VCEQ(SUS) 400. 

Collector to Emitter Sustaining Voltage VCEX(SUS) 450 

Emitter to Base Voltage VEBO 7.0 

Continuous Collector Current IC(DC) 7.0 

Peak Collector Current IC(pulse) * 15 

Continuous Base Current IB(DC) 3.5 
Maximum Power Dissipations 

Total Power Dissipation PT (Tc=25°C) 65 

Total Power Dissipation PT(Tc=100°C) 26 

Total Power Dissipation PT(Ta=25°C) 2.0 
Maximum Temperatures 

Junction Temperature Tj 150 

Storage Temperature Tstg —55 to +150 

Lead Temperature 

1/8 inch from case for 10 seconds TL 260 

Thermal Resistances 

Junction to Case Rth(j-c) 1.92 

Junction to Ambient Rth(j-a) 62.5 


rPPPpP<eccc 


== 


NTC2335 NEC crectron vevice 


ELECTRICAL CHARACTERISTICS (Ta=25°C unless otherwise noted.) 


CHARACTERISTIC SYMBOL UNIT TEST CONDITIONS 
= 


VCEX(SUS)i| 450 Vv Ic=3A, 1B1=—1B2=0.6A,VBE(OFF)=—5V. 
L=180uH,  Ta=125°C 
VCEX(SUS)2 v Ic=6A, 1B1=1.2A, |p2=—0.6A, VBE(OFF) 
=—5V,L=180uH  Ta=125°C * 


ICEX2 VceE=400V, VBE(OFF)=—1.5V, 
Ta=125°C 


cen ma | Vce=400v, Ree=1002, Ta=125°C 


Emitter Cutoff lEBO VeEB=5.0V, Ic=0 
Current 

Second Breakdown IS/B A VcE=40V, t=1sec, Tc=25°C 
Collector Current 

Second Breakdown ES/B pJ Ic=3A, 1g1=0.6A, VBE(OFF)=—5V, 
Energy 






Collector to Emitter 
Sustaining Voltage 
















Collector Cutoff 
Current 



















Rpp=50Q, L=40uH 


DC Current Gain hFE1 fof | | | VcE=5V, Ic=1.0A 
a 


Coilector Saturation VCE (sat) 
Voltage 


Voltage 

posi |e 
aC 
forte a 


*1 Vce clamped Vclamp = 450V 
*2  VceE clamped Vclamp = 400V 
*3 Pulsed PW $350ys, duty cycleg2% 










IC=3.0A, Ip=0.6A = *3 


ca VCE=10V, Ic=0.2A, f=3MHz 
cm VcB=10V, IE=0, f=1MHz 


Ic=3A, |p 1=—IB2=0.6A 











VBE(OFF)=—5V, RL=5082 
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NEC tecrnow vevice NTC2Z335 


TYPICAL CHARACTERISTICS (Ta=25°C) 


TOTAL POWER DISSIPATION vs. 
CASE TEMPERATURE FORWARD BIAS SAFE OPERATING AREAS 
30 





































































































































































































































































ss pT HH 
10 Lem nfl — f= Dl Ui 
a ee — 
i ae < an 
s 60 << a ] PT 
eee aes 
8 5 {-——+ +4 
POON) 6b SS 
5 a i 3 Single Pulse 
Pie NG as : 
= rs) 
ks) \ 
| 20 2 
c 
Q 50 100 150 
Tc — Case Temperature — °C 
DERATING CURVE OF SAFE OPERATING 
AREAS 
& 
f 2 
pe [s) 
2 | 
8 2 
e é 
3 2 
@ 
Cc 
e 
5 
c 2 
5 = 
od ds 
Tc — Case Temperature — °C PW — Pulse Width — ms 
COLLECTOR CURRENT vs. COLLECTOR 
REVERSE BIAS SAFE OPERATING AREAS TO EMITTER VOLTAGE 
5 
< 
= 
2 5 
® “4 
5 3 
i 5 
5 
3 E 
= i 
° s) 
oe i 
v 
Oo — 
Vce — Collector to Emitter Voltage — V ; Vce — Collector to Emitter Voitage — V 
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NTC2Z335 NEC ecectron oevice 





















































































































































DC CURRENT GAIN vs. COLLECTOR BASE AND COLLECTOR SATURATION 
CURRENT ; : ‘ VOLTAGE vs. COLLECTOR CURRENT 
——_ == > 
-— iE ! 
ar eae 2> 
4 a 2) 
| 0a a 3g 
oO 
st TUM TEM 58 
© 100 <<. => 
mA a ee eee Oe & 
c ema —— t+ —t— 556 
2 aD == St 25 
s Eee ae 
Oo | Lt fT os 
cre oe OE if 
i dee 38 
w -——+— -—— -———} og 
£ nw = =a 14 
meee oe TT Y ee 
ae Ps 3S 
| | |_| i] ww 
ie ‘i 
é 0.01 0.1 1.0 10 
ic — Collector Current — A Ic — Collector Current —A 


TURN ON TIME, STORAGE TIME AND 
FALL TIME vs. COLLECTOR CURRENT 



































ton ~— Turn On Time — us 
tetg — Storage Time — us 
toff — Fall Time — us 






































\¢ — Collector Current — A 


SWITCHING TIME (ton, tstg, tf) TEST CIRCUIT 


R,_ =502 


VIN 






Vec=150V 
90% 


PW 


PW~50us 
duty cycles2% 


—Vpep~—-5V Ic 10% 


ton tstg te 
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NEC SILICON POWER TRANSISTORS 
NTC2516,NTC2516A 


ELECTRON DEVICE 


HIGH SPEED HIGH CURRENT SWITCHING 


NPN SILICON EPITAXIAL. TRANSISTOR 


DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


PACKAGE DIMENSIONS FEATURES 






in millimeters (inches) © High speed switching. 
oe  OTMAX. ® Low collector saturation voltage. 
38 'E | $3,640.2 
a5 (90.142) 





(0.051) 


ABSOLUTE MAXIMUM RATINGS 


1,340.2 0,650.1 
(0.051) § GG 


15 | (0.026) Collector to Emitter Voltage 


(0.252MAX.}] (0.228MIN.) 





0,750.1. 


Laer rein iene Collector to Emitter Sustaining Voltage 
(0.1) (0.1) A oe 
Collector to Emitter Sustaining Voltage 
Emitter to Base Voltage 
1. Base (B) Continuous Collector Current 
2. Collector (C} 
pecemunrer {et Peak Collector Current 
4, Fin (Collector) 
JEDEC: TO-220AB Continuous Base Current 


Maximum Power Dissipations 
Total Power Dissipation 


Total Power Dissipation 


Maximum Temperatures 
Junction Temperature 
Storage Temperature 
Lead Temperature 


1/8 inch from case for 10 seconds 


Thermal Resistances 
Junction to Case 


Junction to Ambient 


Maximum Voltages and Currents (Ta=25°C) 


4.9MAX, 
fer @ Specified of reverse biased SOA with inductive loads, 


Industrial Use 


NTC2516 NTC2516A 


VCEX 
VCEO(SUS) 
VCEX(SUS) 
VEBO 
IC(DC) 
IC(pulse) * 
'B(DC) 


PT(Tc=25°C) 50 
PT(Ta=25°C) 2.0 


Tj 
Tstg 


TL 


Rth (j-c) 
Rth(j-a) 


* Pulsed PW<$300us, duty cycle ¢ 10% 


80 


150 150 
60 80 
150 150 
12 12 
5.0 5.0 
10 10 
2.5 2.5 
50 
2.0 
150 
—5b to +150 
260 
2.5 
62.5 


>PrPPpe«ec<cc 


= 


°C 
°C 


°C 


°CM 
°CM 


NIC2516,NTC2516A NEC ttectaon vevice 


ELECTRICAL CHARACTERISTICS (Ta=25°C unless otherwise noted.) NTC2516/NTC2516A 


CHARACTERISTIC SYMBOL UNIT TEST CONDITIONS 
VCEQO(SUS)} 60/80 t+ Ic= 3.0A, ip=0.3A, L=1mH 


ae rae 3.0A,1B1=—IB2=0.3A, VREIORE) 
ic 180uH  Ta=125°C* 
le 60/80 
VBE(OFF)=—5V, L=180uH "2 
Ta=125°C 


feos [| | fm fem ven 


ICEX2 mA VceE=60/80V, VBE(OFF)=—1.5V 
Ta=125°C 
cm | |_| [ew feemonnersia wi 


Emitter Cutoff lEBO 10 BA VEB=5.0V, Ic=0 
Current , 
Second Breakdown !s/B 1.5 A VCE=20V, t=1sec, Tc=25°C 
Collector Current 


Rep=502, L=40uH 


DC Current Gain hFE1 Sack WS VcE=5.0V,IC=0.3A  *3 
a 


vee Ic=3.0A, IB= =0.3A, *3 


oo 











Collector to Emitter 
Sustaining Voltage 















Ic=6.0A, 1g 1=0.6A, 1B2=—0.3A, 











Collector Cutoff 
Current 























Second Breakdown 
Energy 















Collector Saturation 
Voitage 










Base Saturation 
Voltage 








Output Capacitance 


Turn On Time ere 


Storage Time 
itm |e 


*1  VcE clamped Vclamp = 150V 
*2  VceE clamped Vclamp = 60/80V 
*3 Pulsed PWS$350us, duty cycles 2% 


Vcp=10V, IE=0, f= 1MHz 






IC=3.0A, 1p1=—1B9=0.3A 


VBE(OFF)=—5.0V, RL=272 
Vcc¥50V 





os VcCE=10V, Ic=50mA, f=3MHz 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25°C) 


TOTAL POWER DISSIPATION vs. 
































CASE TEMPERATURE 

50 
S 
| 40 
Cc 
2 
g 
% 30 
a 
a 
Z 20 
a 
g 
E40 
\ 
r ia 
a 

ie) 50 100 450° 


Tc — Case Temperature — °C 


DERATING CURVE OF SAFE 
OPERATING AREAS 


























dT — Percentage of Rated Current — % 





Tc — Case Temperature — °C 


REVERSE BIAS SAFE OPERATING AREAS 





a. 2516A 
2SC2516 





_ \¢ — Collector Current — A 








ie) 40 80 120 160 200 240 


Vce — Collector to Emitter Voltage — V 
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NTC2516,NTC2516A 


SAFE OPERATING AREA 

















































co An 
ee LL 
 BBEErate 

Ee BS | 

Beet Cott 
ao eh i 
2 ps4 ssaeeei 
2 ees ame 
re} (| td ee A 
7 rt el 
coy mee Mt UI 

. === NTC2516Ht# 

Aion Single P NTC2516AH 





1000 
VceE — Collector to Emitter Voltage — V 


TRANSIENT THERMAL RESISTANCE 








i 
aS a PT 
AL 




















®th(j-c) — Thermal Resistance — °C/W 























“0.01 0.1 1.0 10 100 
PW — Pulse Width — ms 


COLLECTOR CURRENT vs. COLLECTOR TO” 
EMITTER VOLTAGE 




















\c — Collector Current — A 


























Vce — Collector to Emitter Voltage — V 


NTC2516,NTC2516A NEC ctectron vevice 






































































































































































































































































































































DC CURRENT GAIN vs. COLLECTOR CURRENT BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
> 
1000 VcE=5.0V p ae Ic=10-lp 
Pulsed >% Pulsed 
q 1g 
& ss =r oS 5 Sk ++ +++ 
a ind Vv 
9 100 8 § 1 BE (sat) 
5 28 
= O35 
=} ae iz ea 
3 £A VCE (sat) 
9 2 fe} op aan 6 ——+ 
(a) as 
i 10 g 3s 0.1 
w 85 
re ao 
= Id [ 
1 ww 0,01 
0.01 0.05 0.1 05 1 5 10 $O 0.01 0,05 0.1 0.5 1 5 10. 
\¢ — Collector Current — A I¢ — Collector Current ~ A 
TURN ON TIME, STORAGE TIME AND FALL TIME 
vs. COLLECTOR CURRENT 
10 eee 
Qu 
Ee RO 
o 
ee, 
ce 
cee 
oO ae 
ef= 
Fad &R fe 0.1 maeee 
rtd 
B28 Cit 
Pe ee ee 
0.1 05 1 5 10 
I¢ — Collector Current — A 
SWITCHING TIME (Ton. Tstg, tf) TEST CIRCUIT 
, g, 
VIN IB 'B1 
IB2 
—fewL— 90% 
Ic 
PW ~ 50us Ic 10% 
duty cycle $ 2% Vep2—5V 
ton tstg tf 
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TENTATIVE SPECIFICATION 






NEC 


ELECTRON DEVICE 


SILICON POWER TRANSISTOR 
NTC2518(V125) 


HIGH SPEED HIGH CURRENT SWITCHING 
NPN SILICON TRIPLE DIFFUSED TRANSISTOR 


Industrial Use 





DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 







FEATURES 


PACKAGE DIMENSIONS 
@ High speed, high voltage switching. 


in millimeters (inches) 
@ Low collector saturation voltage. 











3,640.2 
(90, 142) 
1,.3£0.2 
{0.054} 


he" @ Specified of reverse biased SOA with inductive loads, 


ABSOLUTE MAXIMUM RATINGS 
Maximum Voltages and Currents (Ta=25°C) 





eis? Lier Collector to Emitter Voltage VCEX 500 Vv 
en te 26 Collector to Emitter Sustaining Voltage VCEQO(SUS) 400 Vv 
in for an Collector to Emitter Sustaining Voltage VCEXx(SUS) 450 Vv 
Ee Emitter to Base Voltage VEBO 8.0 Vv 
1. Base (8) Continuous Collector Current IC(DC) 5.0 A 
ape Peak Collector Current IC(pulse) * 10 A 
be ee Continuous Base Current IB(DC) 2.5 A 
Maximum Power Dissipations 
Total Power Dissipation PT (Tc=25°C) 50 W 
Total Power Dissipation PT(Ta=25°C) 2.0 Ww 
Maximum Temperatures 
Junction Temperature Tj 150 °¢ 
Storage Temperature Tstg —55 to+150 °C 
Lead Temperature 
1/8 inch from case for 10 seconds TL 260 °C 
Thermal Resistances 
Junction to Case Rth(j-c) 2.5 °C/W 
Junction to Ambient Rth(j-a) 62.5 °C/W 


*Pulsed PW $300us, duty cycleS10% 





NTC2518(V125) NEC ctsctron oevice 


ELECTRICAL CHARACTERISTICS (Ta=25°C unless otherwise noted.) 


CHARACTERISTIC SYMBOL UNIT TEST CONDITIONS 


VCEX(SUS)1 Ic=2.0A, 1g 1=—!gp2=0.4A, VBE(OFF) 
=-5V, L=180uH, Ta=125°C *! 

VCEX(SUS)2 Ic=4.0A, 1B1=1.6A, 1B2=—-0.4A, oy 
VBE(OFF)=—5V, L=180uUH, Ta=125°C 


mA Vce=400V, VBE(OFF)=—1.5V, 
Ta=125°C 


fio mA VcEe=400V, RgE=100Q, Ta=125°C 
VeEB=5.0V, Ic=0 











Collector to Emitter 
Sustaining Voltage 





















Collector Cutoff 
Current 






















Emitter Cutoff 
Current 
















Second Breakdown IS/B 1.0 
Collector Current 


VcE=30V, t=1sec, Tc=25°C 






Second Breakdown Es/B 180 
Energy 


Ic=2.0A, 1g 1=0.4A, VBE(OFF)=—-8V, 
Rpp=002, L=40uH 


| VcCE=5V, 1c=0.5A *3 
erica 
Voce (sat Eee 
Ic=2.0A, |p=0.4A te 


Gain Bandwidth Product] fr 10 _ VcE=10V, Ic=0.2A, f=3MHz 

















DC Current Gain 















Collector Saturation 
Voltage 











0 
0 
5 





Base Saturation 
Voltage 














Cob 


*1 VCE clamped Vclamp = 450V 
*3 > Pulsed PW $350us, duty cycles 2% 






Ic=2.0A, |g1=—-Ip2=0.4A, Vcc =150V, 





VBE(OFF)=—5V, Ri =752 











*2  Vce clamped Vclamp = 400V 





RE 


NEC 


ELECTRON DEVICE 


SILICON POWER TRANSISTOR 


NTC2749 


HIGH SPEED HIGH CURRENT SWITCHING 
NPN SILICON TRIPLE DIFFUSED TRANSISTOR 


DESCRIPTION 


Industrial Use 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


16.5 MAX. 
(0.650 MAX.) 







5.5 MAX. 
70 £32 +0,2 (0.217 MAX.) 
(0.276) g 0.126) 


4 


an 
sf 
bs 
x 
< - 
= Ss 
wo + 
o ge 
z 
= 
ai 28+01 
nt (0.110) 
0.65 
.65+0.1 
(0.041) (0.026) 





545 {545 | 
Toate) = 


1. Base 
2. Collector (Fin) 
3. Emitter 


FEATURES 


@ High speed switching. 
Low collector saturation voltage. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Currents (Ta = 25 °C) 
Collector to Emitter Voltage 
Collector to Emitter Sustaining Voltage 
Collector to Emitter Sustaining Voltage 
Emitter to Base Voltage 
Continuous Collector Current 
Peak Collector Current* 
Continuous Base Current 


Peak Base Current* 


Maximum Power Dissipations 
Total Power Dissipation 
Total Power Dissipation 


Total Power Dissipation 


Maximum Temperatures 
Junction Temperature 
Storage Temperature 


Lead Temperature 
3.18 mm (1/8 inch) from case for 
10 seconds 


Thermal Resistances 
Junction to Case 


Junction to Ambient 


R6 


Specified of reverse biased S.O.A. with inductive loads. 
Easy assembly (NEC Original Mold Package) 


Vcex 500 Vv 
VcEo(sus) 400 Vv 
Vcex(sus) 450 V 
VEBO 7.0 Vv 
Ic(Dc) 10 A 
Ic(putse) 20 A 
IB(Dc) 5.0 A 
lB(pulse) 10 A 
Prite = 25°C) 100 Ww 
Pritc = 100°C) 40 Ww 
Prita = 25°C) 2.0 W 
Tj 150 i 
Tstg -—55to+150 °C 
Th 260 °C 
Rth(j-c) 1.25 °C/W 
Reh(j-a) 62.5 °C/W 


* Pulsed PW =300 us, duty cycle <10 % 


NTC2749 NEC actron vevice 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


CHARACTERISTIC SYMBOL : TEST CONDITIONS 
| VcEo(sus) Table1. I¢=6.0A, 1p1=2A, L=100uH 


Collector to Emitter Vv Table1. Ic =6.0A, Ig7=~—-1p2=1.2A 
Sustaining Voltage CEX(SUS)1 Velamp = Rated Vcex, Ta= 125°C 
coe MAINS + 


Table 1. IC=12A, Ip1=24A, Ip2=—-1.2A 
VCEX(SUS)2 Velamp = Rated Vcex, Ta = 125 °C 


Vce = 500 V, Ree =502, Ta=125°C 
nA Vce = 500 V, VBE(OFF) =—1.5V 


nik VceE = 500 V, VBE(OFF) =—1.5V, 
Ta= 125°C 

















Collector Cutoff Current 


Emitter Cutoff Current lEBO uA Veg =7.0V, ic =0 
B EB Cc 














Second Breakdown Collector = = =9R° 
Gitar Isp i : A t=1.0s, VcE= 16.7 V, Tc=25 °C 
—. 





Second Breakdown Energy Es/p ui 720 ud lc =6.0 A, Ip, =1.2 A, VBE(OFF) =—-5 V 
—- 





| FE 15 VcE=5V, Ic=1A** 





DC Current Gain hFE2 025) VcE=5V, Ic =3A ** 

| hFES aia 7.0 VcE=5V, Ic=6A ** 

Collector Saturation Voltage VCE(sat} i Ic=6A, Ip=1.2A ** 

Base Saturation Voltage | VBE(sat) a IC=6A, Ip=12A ** 

Gain Bandwidth Product VcE=10V, I¢ =300 mA, fg =3.0 MHz, Tc= 25 e¢ 
Output Capacitance Vcp =10V, fo = 1.0 MHz 























Turn On Time 








Ic=6A, !g1 = —!p2=1.2 A, PW=50 us 


Storage Time Ri =252, Voc +150 V 


Fall Time 











** PW 3350 us, duty cycles 2% 


TABLE 1.— TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


es VCEO (SUS) VCEX (sus) Es/B RESISTIVE SWITCHING 
1 VIN 1 























3 0 Q1 ReeB1 sRes2 
ao 
5 ae + + 
o = ——VEE~10 V —=VeEE~10 V= VBE(OFF)=5 V 
z 
29 2 See 
ra} 
oO 






PW Varied to Attain IC =10A PW Varied to Attain Ic =10A duty cycle< 2% Q4 = 2SA959 





















Leoil = 100 uH, Voc = 10 V 
Reoil = 0.05 2 
Velamp (Unclamped) 


Leoil = 180 HH, Vcc = 20 V 
Reoil = 0.05 2 
Veclamp = Rated VCEXx Vaiue 


Leoit = 40 wH, Voc = 10 V 
Reoi] = 0.05 2, Rap2 = 502 
Velamp (Unclamped) 


RL =252, Vcc = 150 V 


















INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORM tfClamped ty Adjust to | RESISTIVE TEST CIRCUIT 


Ic y ee tf Unclamped Obtain Ic 


t 4, = Leoil (Ie pk’! 
: Vcc 









_ Lcoil (IC pk) 
Vclamp 






D1=F114F D2=6FH4S 


TEST CIRCUITS sciadaendsed 
VALUES 








TYPICAL CHARACTERISTICS (Ta= 25 °C) 


dT — Forward Bias SOA Derating — % Ig — Collector Current — A 


lo- Collector Current — A 








REVERSE BIAS SAFE OPERATING AREA 














0 100 200 300 400 500 


Vog — Collector to Emitter Voltage — V 


DERATING CURVE OF SAFE 
OPERATING AREAS 








Tc — Case Temperature — °C 


COLLECTOR CURRENT vs. COLLECTOR TO 
EMITTER VOLTAGE 


10 
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ee 
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Veg — Collector to Emitter Voltage — V 


Qa 


NTC2749 


REAS 











-—t Ic(pulsey MAX. ——}4 























20 er 
10 feb 
<< oe 
| a 
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1 2 5 10 20 50 


100 200 500 


Voge — Collector to Emitter Voltage — V 


TRANSIENT THERMAL RESISTANCE 


Vcp=50 V 
4Tj =50 °C 











rth(j—c) — Transient Thermal Resistance — °C/W 









































PW — Pulse Width — ms 


BDC CURRENT GAIN vs. COLLECTOR CURRENT 


hee — DC Current Gain 





0.05 01 02 05 1 2 5 10 


0.01 0.02 


I¢ — Collector Current — A 


NTC2749 NEC ELECTRON DEVICE 


BASE AND COLLECTOR SATURATION TURN ON TIME, STORAGE TIME AND FALL TIME 
VOLTAGE vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT 


ti 





ton — Turn-on Time — us 
tstg — Storage Time — us 








VCE(sat) — Collector Saturation Voltage — V 














> 
| 
o 
~ Ey Ct 
Ss a ——— 
2 g = = 
2 | ies a ie] 
: 2 Ca to | Cs 
5 _ Bee ae ae 
n = 
MW ese es veer PATE SSS Cree 
B oe =o a 
ad = 9 --—-—}+4 [+ | +] 
t I ee es | ha Y 
2 ae —— tt} 
8 2 a a Se nia a 
oO 
. Oe A ii ees oe 
0.1 0.2 0.5 1 2 5 10 


Io — Collector Current — A I¢ — Collector Current—A 


NEC SILICON POWER TRANSISTOR 


citicaial NTC2908 


HIGH SPEED HIGH CURRENT SWITCHING 
NPN SILICON EPITAXIAL TRANSISTOR 


DESCRIPTION 


Suitable for switching regulator, DC-DC converter and ultrasonic appliance applications. 


FEATURES 
PACKAGE DIMENSIONS @ High speed switching. 
in millimeters (inches) @ Low collector saturation voltage. 
ere @ Specified of reverse biased S.0.A. with inductive loads. 
(0.650 MAX.) @ Easy assembly (NEC Original Mold Package) 







5.5 MAX. 
sl 70 £32802 (0.217 MAX.) 
og (0.276) | (¢ 0.126) TT ABSOLUTE MAXIMUM RATINGS 
5 oe Maximum Voltages and Currents (Ta = 25 °C) 
A os 
= 7 a2 Collector to Emitter Voltage VceEx 
w H 
als ae Collector to Emitter Sustaining Voltage Vceo(sus) 
. z Collector to Emitter Sustaining Voltage Vcex(sus) 
|= : 
=\2 Emitter to Base Voltage Veso 
as 2.8+0. 
= (0.110) Continuous Collector Current Ic(oe) 
* 
oie Peak Collector Current Ic(pulse) 
Continuous Base Current Ig(DCc) 
Peak Base Current* IBipulse) 
Maximum Power Dissipations 
1. Base 
2. Collector (Fin) Total Power Dissipation Prite = 25°C) 
3. Emitter 
Total Power Dissipation Pritc = 100 °C) 
Total Power Dissipation Prita = 25 °C) 


Maximum Temperatures 
Junction Temperature Tj 
Storage Temperature Tstg 


Lead Temperature 
3.18 mm (1/8 inch) from case for 
10 seconds TL 


Thermal Resistances 
Junction to Case R thij-c) 


Junction to Ambient Rth(j-a) 


200 
100 
150 
12 
5.0 
10 
2.5 
5.0 


50 
20 
2.0 


150 
-55 to +150 


260 


2.5 
62.5 


> rPrprec<c < 


== 


°C/W 
°C/W 


* Pulsed PW $300 us, duty cycle <10% 


an 


NTC2908 NEC accton oevce 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


CHARACTERISTIC SYMBOL : : . | UNIT TEST CONDITIONS 


VcEO(SUS) Vv Table 1. IC =3A, Ipz=03 A, L=1tmH 


. Table ?. Ic =3A, tp1=—1p2=O03A 
Collector to Emitter VCEX(SUS)1 Vv ¥ es — ee. ne 12 bE 
Sustaining Voltage clamp ' 














Table 1. Ic=6A, 1p, =O06A, Ipz=—-O3A 
VCEX(SUS)2 Volamp = Rated Vcex, Ta=125 °C 


Vce = 200V, Ree =502, Ta= 125 °C. 














VceE = 200V, VBE(OFF) =-1.5V 


VcE = 200V, VBE(OFF) =—1.5 V, 
Ta= 125°C 








Collector Cutoff Current 


Emitter Cutoff Current 








arene 
Second Breakdown Collector : t=1.0s, VcE=12.5V, Tco=25°C 
Current 
4+ 
Second Breakdown Energy IC =3A, Ip1 =0.3 A, VBE(OFF) =-5 V 
VcE=5V, Ic =03A** 
VcE=5V, Ic=3A ** 


Collector Saturation Voltage VCE(sat) | A IC=3A, Ip=O3A ** 














DC Current Gain 














Base Saturation Voltage VBE(sat) d Ic=3A, Ip=O03A ** 
Gain Bandwidth Product VceE=10V, I¢ =300 mA, fo =3.0 MHz, Te = 25 °C 


Output Capacitance pF | Vcp = 10V, fo = 1.0 MHz 























Suen On ving : i Ic =3.0 A, Igp1 =—Ig2=0.3 A, PW ~50 us 


'** PWS 350 us, duty cycle < 2% 














TABLE 1.—— TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VIN 
zai Q1 Resi Qi Resi RpB2 


=VEE=10 V =VEE~10 V=_VBE(OFF) =5 V 
T———o2| TT 92 
PW Varied to Attain IC=5A PW Varied to Attain IC =5A  dutycycleS2% Q 4 = NTAQ959 
Leoit = 1 MH, Voc = 10 V Leoit = 180 HH, Voc =20V | Leoil = 40 nH, Vec=10V Ri = 16.72, Voc~50V 


Reoj] = 0.5 2 Reoil = 0.05. 2 Reoil = 0.05 2, Reg2 = 50 2 
Velamp (Unclamped) Veclamp = Rated Vcex Value Velamp (Unclamped) 


INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORM tf Clamped t1 Adjust to RESISTIVE TEST CIRCUIT 
: lc tf Unclamped Obtain tc 
i 


_ Lcoil (Ic pk) 
Vcc 


D 
te) 
Q, 


go 
8, 


sincere | 


= Lcoil {Ic pk) - 
Velamp 


et 


D1=F114F D2=6FH4S 


TEST CIRCUITS CIRCUIT INPUT 
VALUES | CONDITIONS 





NEC acton cevice NTC2908 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


REVERSE BIAS SAFE OPERATING AREA FORWARD BIAS SAFE OPERATING AREAS 














| : | 
3 oO 
: 5 
FF 3 
8 38 
{ > ~~ | 
S x 
irs] Li 
ooo S 
0.02 
0 50 : 100 150 1 2 5 10 20 50 100 
Voge — Collector to Emitter Voltage — V VoE - Collector to. Emitter Voltage —- V 


DERATING CURVE OF SAFE : 
OPERATING AREAS TRANSIENT THERMAL RESISTANCE 


Ht VcE=50 V 
HT) =50 °C | 
a 
a 






























dT — Forward Bias SOA Derating — % 


Bai i 
ae tet oor tc co y 
0.1 1.0 10 100 


Tc —Case Temperature — °C , ~ PW — Pulse Width — ms 








rth(j—c) — Transient Thermal! Resistance — °C/W 









1000 





COLLECTOR CURRENT vs. COLLECTOR TO , 
EMITTER VOLTAGE DC CURRENT GAIN vs. COLLECTOR CURRENT — 


r+ VCE=5.0 V 
Pulsed 
LT 


WT 
Tn 





I¢— Collector Current — A 
hee - DC Current Gain 








0.01 0.02 0.05 0.1 02 05 10 20 5.0 10 
Vee — Collector to Emitter Voltage — V I¢ — Collector Current — A 


Aan 


NTC2908 NEC suction vevice 


BASE AND COLLECTOR SATURATION TURN ON TIME, STORAGE TIME AND FALL TIME 
VOLTAGE vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT 

iC=10-IB1=—10-IB2 

VCC&=50 V, Pulsed 




















ton — Turn-on Time — ys 
tstg — Storage Time — ys . 
tf — Fall Time — us 

















n> 
Te TL 
0.01 002 0.05 O1 02 05 #10 20 50 10 0.1 0.2 0.5 1.0 
I¢ — Collector Current — A Ic — Collector Current — A 





VcE(sat) — Collector Saturation Voltage — V 
VBe(sat) — Base Saturation Voltage — V 








SILICON DARLINGTON POWER TRANSISTOR 


ELECTRON DEVICE 


NTD405 


LOW FREQUENCY AMPLIFIER AND LOW SPEED SWITCHING 


NPN SILICON EPITAXIAL DARLINGTON TRANSISTOR 


DESCRIPTION 


Industrial Use 


Suitable for hummer driver, pulse motor driver and relay driver applications. 


PACKAGE DIMENSIONS 
in millimeters (inches) 


9.40MAX. 
(60.37MAX.,) 


8.50MAX. 
(g 0.334MAX.) 










-H#— 0.38(0.015) 
9.0MIN. '6.60MAX. 
(0.354MIN.) (0.26MAX.) 


1. Emitter 
2. Base 
3. Collector (Case) 





EIAJ :TC-5,TB-5B 


tEC :C4,B4B 


JEDEC:TO-205MD (TO-39) 


FEATURES 
e 
e 


Operates from IC without predriver. 
Low collector saturation voltage. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Voltages and Currents (Ta = 25°C) 


Collector to Base Voltage 


Collector to Emitter Voltage 


Emitter to Base Voltage 


Continuous Collector Current 


Peak Collector Current 
Continuous Base Current 


Maximum Power Dissipations 


Total Power Dissipation (Ta = 25°C) 


Maximum Temperatures 
Junction Temperature 
Storage Temperature 


Lead Temperature 


1/8 inch from case for 10 seconds 


Thermal Resistances 
Junction to Ambient 


VCBO 70 Vv 
VCER(SUS) 70 Vv 
VCEX(SUS) 70 V 
VCEO(SUS) 70 V 

VEBO 7.0 Vv 

IC(DC) 2.0 A 

IC(pulse) * 3.0 A 

IB(DC) 0.2 A 

PT 1.0 Ww 
(Tc = 25°C) Pr 15 Ww 
Tj 200 «°C 
Tstg ~65 to +200 °C 
TL 260 °c 
8a 175 °C/W 
9 Jc 11.7 °C/W 


Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 











* Pulsed PW S10ms, duty cycle $ 50% 





















































































































CHARACTERISTIC er Meeb.r TYP. UNIT TEST CONDITIONS 
Collector to Emitter VcEOo(sUS)|} 70 Vv Ic = 0.2A, ip =0 
Sustaining Voltage [Vcer(susi| Vv I¢ = 0.2A, Reg = 1002 
VcEex (Sus) Vv I¢ = 0.2A, Ig =-lp=2mA 
Collector Cutoff Current ies = A Vee = 50V, Ie =0 z 
Vp = SOV, Ie = 0, Te = 125°C 

Collector Cutoff Current “[iczo | | t0 Tp Vce = SOV, Ip = 0 
Emitter Cutoff Current Pf 19 | ma Vep = 5.0V, 1c =0 
DC Current Gain | 2000 | 4000 VcE = 2.0V, Ic = 1.0A * 

tae eae 
Collector Saturation Voltage Vv Ic = 1.0A, Ig = 1.0 mA * 









* Pulsed PWS 350us, duty cycle [2% 


NTD405 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


P+ — Total Power Dissipation — W 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


SAFE OPERATING AREA 


NEC ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 

















50 


Ta — Ambient Temperature — °C 





100 


DC CURRENT GAIN vs. COLLECTOR CURRENT 









































< t 

| | ‘( 

z g i, 

; ELLA 

; 5 WA 

& 8 LA 

8 8 pa 
S 

(3) = oO 

ooil_ | : 
150 200 12 § 10 20 50100200 500 4 2 3 4 5 








— DC Current Gain 


nrE 








VCE(sat) — Collector Saturation Voltage — V 

















VCE(sat) — Collector Saturation Voltage — V 














VcE — Collector to Emitter Voltage — V 








VceE — Collector to Emitter Voltage — V 


COLLECTOR SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 












































0.01 0,02 0.05 0.1 0.2 05 10 2.0 


Ic — Collector Current - A 





BASE SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 

> 

: — 

2 ees ee 

2 YS 

s AN) a as 

: io 

: ree 

3 + 

a aes ee ae 

3 aaaoe 

| 

: oth 

z lil 

> 0.01 0.02 0.05 0.1 0.2 05 1.0 2.0 5.0 


Ic — Collector Current — A 


COLLECTOR SATURATION VOLTAGE vs. 
AMBIENT TEMPERATURE 


VBE(sat) — Base Saturation Voltage — V 


Ta — Ambient Temperature — °C 


ar 


BASE SATURATION VOLTAGE vs. 
AMBIENT TEMPERATURE 








ie) 
-75 -25 25 75 125 175: 
Ta — Ambient Temperature — °C 


NEC SILICON DARLINGTON POWER TRANSISTOR 


ELECTRON DEVICE | NT D 4 O 6 


LOW FREQUENCY AMPLIFIER AND LOW SPEED SWITCHING 
NPN SILICON EPITAXIAL DARLINGTON TRANSISTOR 


Industrial Use 


DESCRIPTION : 
Suitable for hummer driver, pulse motor driver and relay driver applications. 


FEATURES 
PACKAGE DIMENSIONS © Operates from IC without predriver. 
in millimeters (inches) @ Low collector saturation voltage. 


$9.40MAX. 
(90.37MAX.) 







ABSOLUTE MAXIMUM RATINGS 
Maximum Voltages and Currents (Ta = 25°C) 





rel Collector to Base Voltage VcBo . 100 Vv 
es Collector to Emitter Voltage VCER(sus) 100 Vv 
a VCEX (sus) 100 Vv 
zs VCEO(sus) 100 v. 
an Emitter to Base Voltage VeBO 7.0 Vv 
aad Continuous Collector Current Ic(Dc) 2.0 A 
Peak Collector Current IC(pulse) * 3.0 A 
Continuous Base Current 'B(DC) 0.2 A 
Maximum Power Dissipation 
Total Power Dissipation (Ta = 25°C) Pr 1.0 Ww 
(Tc = 25°C) Pr 15 w 
Maximum Temperatures 
Junction Temperature T; 200 26 
3 1. Emitter Storage Temperature Tstg -65to +200 °C 
Z 2, Base Lead Temperature 
~“: 3. Collector (Case) 1/8 inch from case for 10 seconds TH 260 °C 
ee “gag + 7¢-5, TB-5B Thermal Resistance ? 
R=50¢1 JEDEC : TO-205MD (TO-39) Junction to Ambient Rth(j-a) 175 CW 
Re 05kS 1EC : C4, B4B Junction to Case Rth(j-c) 11.7 °C/W 


* Pulsed PW < 10 ms, duty cycle = 50% 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 










SYMBOL 
VCEO(sus) 


VCER (sus) 
VCEX (sus) 


[100 | 
100 _ | 
a 
eel 
| 0.63 | 
| 2000_| 
= 


CHARACTERISTIC 





















Collector to Emitter 
Sustaining Voltage 











Ic=0.2A, IB=-IB=2mA 


VcB=70V, lE=0 
VcB=70V, IE=0, TC=125°C 











Collector Cutoff Current ICEO uA VceE=70V, IBp=0 
Emitter Cutoff Current VEB=5.0V, Ic=0 


Collector Saturation Voltage VCE (sat) 
Base Saturation Voltage VBE(sat) 


* Pulsed PW S350 us, duty cycle S$ 2% 


mA | Vee=s. 
[wee=20v, 10100" | 
-[Wee=2.0v, 1c2087 | 
fe We eea, 


Vv 
Ic=1.0A, |B=1.0mA* 











NTD406 NEC tttctron oevice 


TYPICAL CHARACTERISTICS (Ta= 25°C) 

























































































































































TOTAL POWER DISSIPATION vs. SAFE OPERATING AREA COLLECTOR CURRENT vs, 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 
16 2:5 

= 

t 2.0 

eke <x < 

g il af 

3 8 215 

a = 5 

4 <> oO 

3 e 

3 3 3 

3 e T 

ec I | 

{ 2 2 05 

a Without Heat’ Sink 

Lo ‘ 
0 50 100 150 200 1 2 5 10 20 50100 200 500 0 1 2 3 4 5 
Ta~Ambient Temperature — C Vce~Coltector to Emitter Voltage —V Vce—Collector to Emitter Voltage —V 
DC CURRENT GAIN vs. COLLECTOR CURRENT COLLECTOR SATURATION VOLTAGE vs, 


COLLECTOR CURRENT 



































































































































































































































tI Vor = 2.0V > Pulsed 
Pulsed 
o' = 2.0 
5000 “ TIT & 
CN é 
& co > 
S 2000 g§ 1.0 
7 8 
= 1000 =z. 
3 & 05 
8 500 s 
3 
E 8 
200 a me 
100 > 0.1 
0.01002 005 0.1 0.2 05 #10 2.0 5.0 0.01 0.02 0.05 O11 0.2 05 1.0 2.0 
|¢—Collector Current—A lc Collector Current —A 


BASE SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 

















0.5 











Ned 
iy 





Veetsat) Base Saturation Voltage —V 
» 
f) 









































0.1 
0.01 0.02 ‘ 0.1 


lc Collector Current—A 





COLLECTOR SATURATION VOLTAGE vs. BASE SATURATION VOLTAGE vs, 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 
2.5 






tc=1000-lz 
Pulsed 


Ic =1000-ln 
Pulsed 


2.0 








15 














Versa) Collector Saturation Voltage — V 











Veetsa — Base Saturation Voltage—V 














—75 —25 25 75 125 175 


—-75 —25 25 75 125 175 
Ta—Ambient Temperature —°C 


Ta—Ambient Temperature —°C 
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NEC SILICON DARLINGTON POWER TRANSISTOR 


NTD407 


ELECTRON DEVICE 


LOW FREQUENCY AMPLIFIER AND LOW SPEED SWITCHING 
NPN SILICON EPITAXIAL MESA DARLINGTON TRANSISTOR 


DESCRIPTION 
Suitable for hummer driver, pulse motor driver and relay driver applications. 





Industrial Use 





FEATURES 
@ Operates from IC without predriver. 
PACKAGE DIMENSIONS @ Low collector saturation voltage. 
in millimeters (inches) 
$16.0MAX. 
pono is ABSOLUTE MAXIMUM RATINGS 
$13.3MAX. x= 
Pee ana 25 Maximum Voltages and Currents (Ta = 25°C) 
es oe Collector to Base Voltage VcBo 100 Vv 
z2 5 Collector to Emitter Voltage VCER (sus) 100 Vv 
an :z 
ne $0.80 z= VCEX (sus) 100 Vv 
~ {90.032 Ne VCEO\(sus) 100 v 
2 Emitter to Base Voltage VEBO 7.0 V 
$7.16( 0.282) Continuous Collector Current ic(DC) 5.0 A 
> Peak Collector Current IC (pulse) * 8.0 A 
90" ata Continuous Base Current IB(DC) 0.5 A 
Maximum Power Dissipation 
Total Power Dissipation (Ta = 25°C) Py 2.0 WwW 
(Te = 25°C) Pr 30 w 
3 Maximum Temperatures 
Junction Temperature Tj 200 °C 
a] - + " 
e ctl. < qe genteae Storage Temperature Tstg 65 to +200 Cc 
oN 2. Base Lead Temperature 
sf 3. Collector (Case) 1/8 inch from case for 10 seconds TL 260 °c 
Ri Re Thermal Resistance 
Ri=2.0K2 — ¢ ae : et aa Junction to Ambient Rth(j-a) 87.5 °C/W 
Ry = 1502 1eC C8, B13 Junction to Case Rth(j-c) 5.8 °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC SYMBOL 
VCEO\(sus) 

Collector to Emitter 
Sustaining Voltage VCER (sus) 


VCEX (sus) 











Collector Cutoff Current 
Emitter Cutoff Current 


Collector Saturation Voltage VCE (sat) 
Base Saturation Voltage VBE (sat) 


* Pulsed PW < 350 us, duty cycle 2% 








4000 


TYP, 
aa 
aa 
Ee 
Leon 
ak set) 
| 4000_| 





za 
fe sxe 
Collector Cutoff Current .— 
ae 
Pe 
| 16 | 
| 1500 | 
ae 
as 


aa 


M 


AX. 


* Pulsed PW <10 ms, duty cycle S50% 





UNIT TEST CONDITIONS 
ic=0.2A, ip=0 


1c=0.2A, 
RBE=1002 


Vv Ic=0.2A, IB=-lB=20mMA 
VcB=80V, IE=0 








VCE=50V, IB= 
Vep=5.0V, Ic= 


VCE=2.0V, !c=5.0A* 


Ic=5.0A, I1B=5.0mA* 


Vv 
= 
pA 
VcB=80V, IE=0, TC=125°C 
| A | 
| mA 
= 


NTD407 NEC erectron vevice 


TYPICAL CHARACTERISTICS (Ta= 25°C) 


TOTAL POWER DISSIPATION vs. 












































































































































































































































COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE SAFE OPERATING AREA COLLECTOR TO EMITTER VOLTAGE 
10 
= 
| 
2 < < § 
. | am 
3 § 5 
a £ 5 6 
o 3 rs) 
3 3 5 
a 3 3 4 
: 3 é 
iM 2 2, 
a 
ES eras cee ‘ 
0 50 100 15 200 1s 2 5 10 20 50100 200 0 
Ta—Ambient Temperature — C Vce—Collector to Emitter Voltage —V Vce—Collector to Emitter Voltage —V 
OC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION 
COLLECTOR CURRENT VOLTAGE vs. COLLECTOR CURRENT 
Vce=2.0V 7 
Pulsed o> 
¢ st 
3 S$ & 
isi 
: Ey se 
re Ss 
3 Es 8 
3 a a Le 
| — Sh 
w ZI 2 
« ey s 3 
8s 
LL 
BS og) 
22 001.002 0.05 0102 05 1 «2 5 10 
le~Collector Current ~A : Ic—Collector Current—A 
COLLECTOR SATURATION VOLTAGE BASE SATURATION VOLTAGE vs. 
vs. AMBIENT TEMPERATURE AMBIENT TEMPERATURE 


2.5 











Vcetsaty— Collector Saturation Voltage —-V 
Vetisay — Base Saturation Voltage —V 














-25 te) 25 50 75 100) «125 
Ta—Ambient Temperature — °C 


Ta—Ambient Temperature —°C 
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NEC SILICON DARLINGTON POWER TRANSISTOR 


ELECTRON DEVICE N T D408 


LOW FREQUENCY AMPLIFIER AND LOW SPEED SWITCHING 
NPN SILICON EPITAXIAL MESA DARLINGTON TRANSISTOR 


Industrial Use 


DESCRIPTION 
Suitable for hummer driver, pulse motor driver and relay driver applications. 


FEATURES 


®@ Operates from IC without predriver. 


PACKAGE DIMENSIONS : 
® Low collector saturation voltage. 


in millimeters (inches) 


$16.0MAX. ABSOLUTE MAXIMUM RATINGS 


(g0.039MAX.) 






#13, 3MAX. a) Maximum Voltages and Currents (Ta = 25°C) 
(en peaMN) 2s Collector to Base Voltage VcBo 150 V 
3 2e Collector to Emitter Voltage VCER(sus) i : 
Sa i 5 coe 
ME 25 CEO\sus) 150 Vv 
ao Emitter to Base Voltage VEBO 7.0 Vv 
oS Continuous Collector Current 'c(DC) 5.0 A 
($0. 282) Peak Collector Current IC (pulse) * 8.0 A 
; Continuous Base Current 'B(DC) 0.5 A 
30 Maximum Power Dissipation 
Total Power Dissipation (Ta = 25°C) Pr 2.0 w 
(Te = 25°C) Py 30 W 
3 Maximum Temperatures 
Junction Temperature Tj 200 °C 
: 4 4. Emitter Storage Temperature Tstg -65 to +200 °c 
7 * 2. Base Lead Temperature 
Bi 3. Collector (Case) 1/8 inch from case for 10 seconds TT. 260 °C 
Ri Re Cink - ieee ees Thermal Resistance 
Ri=2.0K2 JEDEC : TOS. Junction to Ambient Rth (j-a) 87.5 °C/W 
Re +1502 1EC : C8, B13 Junction to Case Rth(j-c) 5.8 °C/W 


* Pulsed PW <10 ms, duty cycle S50% 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC SYMBOL : : ; TEST CONDITIONS 
L VCEO(sus) Ic=0.2A, IB=0 














Collector to Emitter {c=0.2A, 
Sustaining Voltage VCER(sus) RBE=1002 


VCEX (sus) V [ IC=0.2A, 1B=-1B=20MA 
VCB=100V, !E=0 
VcB=100V, !€=0, TC=125°C 
Collector Cutoff Current ICEO VcCE=75V, IB=0 

Emitter Cutoff Current lEBO 5 2. ae VEB=5.0V, Ic=0 

OC Current Gain Bhs NFE VCE=2.0V, Ic=5.0A* 


Collector Saturation Voltage VCE(sat) 
Base Saturation Voltage VBE(sat) 














Collector Cutoff Current ICBO 





























Ic=5.0A, 1B=5.0mA* 











* Pulsed PW $350 us, duty cycle [50% 


ann 


NTD408 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs, 
AMBIENT TEMPERATURE 





SAFE OPERATING AREA 


NEC ttectron vevice 


COLLECTOR CURRENT vs, 
COLLECTOR TO EMITTER VOLTAGE 


10 








A 























Collector Current 











lc~ Collector Current --A 


Ic 





P,—Total Power Dissipation—W 

















i ee ee ee 
0 50 100 
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OC CURRENT GAIN vs. 
COLLECTOR CURRENT 


Vce=2.0V 
Pulsed 














ou 
Oo 
fo} 
Oo 














Ny 
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Oo 


hee —DC Current Gain 









































le-Collector Current—A 


COLLECTOR SATURATION VOLTAGE 
vs. AMBIENT TEMPERATURE 


2.5 











Voetsat) Collector Saturation Voltage—V 


(0) 
-25 i) 25 50 75 100) 125 
Ta—Ambient Temperature — °C 
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50 100150 0 
Vce—Collector to Emitter Voltage -V 















































Vce~ Collector to Emitter Voltage -V 





BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 






















































































Vcetsat) — Collector Saturation Voltage —V 
Veetsary — Base Saturation Voltage ~V 


01.0.02 0.05 0.1 0.2 05 1 2 5 10 
lc -—Collector Current—A 


BASE SATURATION VOLTAGE vs, 
AMBIENT TEMPERATURE 


2.5 


Ic=500-ln 
Pulsed 
2.0 


1s |__| 











Veeisay ~ Base Saturation Voltage - V 





en | 
ans Ol 
—25 0 25 50 75 100 125 


Ta—Ambient Temperature — °C 


NV. EC SILICON DARLINGTON POWER TRANSISTOR 


ELECTRON DEVICE N TD4 O 9 


LOW FREQUENCY AMPLIFIER AND LOW SPEED SWITCHING 
NPN SILICON EPITAXIAL MESA DARLINGTON TRANSISTOR 


Industrial Use 


DESCRIPTION 


Suitable for hummer driver, pulse motor driver and relay driver applications. 


FEATURES 


e i iver. 
PACKAGE DIMENSIONS Operates from !C without predriver 


F a : ® ion v . 
ini enillinnaters anches} Low collector saturation voltage 


$15.0MAX 
(40.59 1MAX. ) 


2.54MAX. 
(0.2MAX.) 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Currents (Ta = 25°C) 






8.8MAX. 
(0.34 7MAX.) 
















Collector to Base Voltage VcBO 100 Vv 
238 Collector to Emitter Voltage VCER (sus) 100 Vv 
¢0.75 mM 
(90.03) ae VCEX (sus) 100 Vv 
32.3MAX, VCEO(sus) 100 Vv 
(1.272MAX,) . 
aro, Emitter to Base Voltage VEBO 7.0 Vv 
Continuous Collector Current Ic(DC) 5.0 A 
Peak Collector Current IC(pulse)* 8.0 A 
3 Continuous Base Current 1B(DC) 0.5 A 
ac Maximum Power Dissipation 
“3 Total Power Dissipation (Ta = 25°C) Py 2.0 Ww 
< (Tc = 25°C) Py 40 Ww 
2- G37 20) : 
; (60.146) Maximum Temperatures 
(0.579) Junction Temperature Tj 200 °C 
3 Storage Temperature Tstg - 65 to +200 °c 
; ; aa Lead Temperature 
a 3. Collector’ (Casa) 1/8 inch from case for 10 seconds TL 260 °C 
J Thermal Resistance 
mom | irae’ : oe TB-23 Junction to Ambient Rth (j-a) 87.5 °C/W 
Haney ee Junction to Case Rth(j-c) 44 °C/W 
Re +150 IEC : C13 


* Pulsed PW =10 ms, duty cycle S$ 50%, 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


SYMBOL | MIN. | T UNIT TEST CONDITIONS 


100 ao Ic=0.2A, IB=0 
Ic=0.2A, 
RgE=1002 
a 'C=0.2A, IB=-IB=20mA 
HA | Ves=a0v, 1-0 
| vA | VcB=80V, lE=0, Tc=125°C 


Collector Cutoff Current i — ae a | 100 | A VcE=50V, IB=0 
Emitter Cutoff Current a | 16 | | 23 | ma | VeEB=5.0V, Ic=0 


DC Current Gain an Peel ae VCE=2.0V, Ic=5.0A* 


Collector Saturation Voltage en oT 


IC=5.0A, 1B=5.0mA* 
Base Saturation Voltage VBE(sat) | Veetat) =6p| (dtd : 


* Pulsed PW <350 us, duty cycle 2% 






CHARACTERISTIC 



































VCEO(sus) 
Collector to Emitter 
Sustaining Voltage VCER (sus) 
VCEX(sus) 








Collector Cutoff Current IcBO 
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NTD409 NEC ttectron DEVICE 


TYPICAL CHARACTERISTICS (Ta = 25°C) 
































































































































TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs, 
AMBIENT TEMPERATURE SAFE OPERATING AREA COLLECTOR TO EMITTER VOLTAGE 
10 
i 
Ss < < 8 
3 z z 
B ¢ 2 
2 5 5 6 
4 3 3 
3 5 5 
a 8 8 4 
a 3S 3 
3 oO oO 
e i 7 
} . 2 
a 
a a ae 
1 2 5 10 20 50 100 200 0 1 2 3 7 7 
Ta~Ambient Temperature — ‘C Vce~Collector to Emitter Voltage —V Vce—Collector to Emitter Voltage —V 
DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION VOLTAGE 
COLLECTOR CURRENT vs, COLLECTOR CURRENT 








Vce=2.0V 





Pulsed 






























































































































a 
Pulsed 2> 
£ s | 
3 3% 
5 2000 SS 
5 | 55 
cS) Ze 
5 EH ae 
fa) er a = 
\ t Su 
w r I So 
£ a] PTT =o 
CO 83 
L 1 02 
Sah ee asl 3 foi 
100 bBo 
Ol 02 05 1 2 5 10 ss .01 0.02 0.05 0.2 0:2 0.5 1 2 5 10 
lc—Collect —A 
lc Collector Current—A ere eaten 
COLLECTOR SATURATION VOLTAGE BASE SATURATION VOLTAGE vs. 
vs. AMBIENT TEMPERATURE AMBIENT TEMPERATU RE 
2.5 


Ic=500-Ip 
Pulsed 











Veeisan — Base Saturation Voitage—V 





Voeisat. Collector Saturation Voltage —V 








1.0 
0.5 
(0) (e) 
—25 0 25 50 75 100 125 —25 0 25 50 75 100 «125 
Ta-Ambient Temperature —°C Ta~—Ambient Temperature —°C 
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EEC  siticon partincton Power TRANSISTOR 


ELECTRON DEVICE NTD 4 1 O 


LOW FREQUENCY AMPLIFIER AND LOW SPEED SWITCHING 
NPN SILICON EPITAXIAL MESA DARLINGTON TRANSISTOR 


Industrial Use 


DESCRIPTION 


Suitable for hummer driver, pulse motor driver and relay driver applications. 


FEATURES 
PACKAGE DIMENSIONS @ Operates from IC without predriver. 
gisomax, in millimeters (inches) @ Low collector saturation voltage. 


ABSOLUTE MAXIMUM RATINGS 






3 Maximum Voltages and Currents (Ta = 25°C) 
s Collector to Base Voltage Vcso 150 Vv 
232 Collector to Emitter Voltage VCER (sus) 150 Vv 
Se VCEX (sus) 150 Vv 
VCEO(sus) _ 150 V 
Emitter to Base Voltage VEBO 7.0 Vv 
Continuous Collector Current lc(DC) 5.0 A 
= Peak Coliector Current \C (pulse) * 8.0 A 
23 Continuous Base Current \B(DC) 0.5 A 
on Maximum Power Dissipation 
“s Total Power Dissipation (Ta = 25°C) Pr 2.0 Ww 
be (Tc = 25°C) P+ 40 Ww 
Sue. Maximum Temperatures 
Junction Temperature Tj 200 °c 
3 Storage Temperature Tstg -65 to +200 °c 
. 2 en hee . Lead Temperature 
! a _ 3. Collector (Case) 1/8 inch from case for 10 seconds Th 260 °c 
0 ; Thermal Resistance 
Rio Re aEGEe : Bleed neat Junction to Ambient Rth (j-a) 87.5 °C/W 
ais20%12 9 1EC ‘ C13 : Junction to Case Rth (j-c) 44 °C/W 


* Pulsed PW 310 ms, duty cycle S50%. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC SYMBOL 
~ VCEO(sus) 


VCER (sus) 


VCEX (sus) 

























Collector to Emitter 


1c=0.2A, 
Sustaining Voltage 


RBE=1002 
1C=0.2A, IB=-lg=20mMA 




















Collector Cutoff Current 





















ICBO 
Collector Cutoff Current 


[Emitter Cutoff Current ———~dt eso 
[OC Current Gain —SSC~“~‘“‘(z;SSCCC~*d 


* Pulsed PW <350 us, duty cycle 52% 





| HA | VcE=75V, IB=0 
| ma | vep-5.0v, ic-0 
| | Vece=2.0v, c=5.0A* 
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NTD410 


TYPICAL CHARACTERISTICS (Ta= 25°C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


P;,—Total Power Dissipation—W 


35 





hee —-DC Current Gain 


SAFE OPERATING AREA 


N. E Cc ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 














< < 
i a 
5 3 
é is) 
5 s 
8 Fi 
6 it 
s) oO 
1 1 
2 + 
——— : 
50 100 150 200 1 2 5 10 20 50 100150 


Ta—Ambient Temperature — C 


OC CURRENT GAIN vs, 
COLLECTOR CURRENT 


Vce=2.0V FS 
Pulsed 























lc—Collector Current—A 


COLLECTOR SATURATION VOLTAGE vs. 
AMBIENT TEMPERATURE 








Vcetsay —Collector Saturation Voltage —V 


—25 0 25 50 75 100 125 
Ta—Ambient Temperature — °C 
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Vce—Collector to Emitter Voltage -—V 


Veeisat) Base Saturation Voltage —V 





















































Vce—Collector to Emitter Voltage —V 





BASE AND COLLECTOR SATURATION 
VOLTAGE vs, COLLECTOR CURRENT 













































































Vcetsat) Collector Saturation Voltage —V 
Veetsat) — Base Saturation Voltage—V 


01 0.02 0.05 0.1 0.2 05 1 2 5. 10 
le—Collector Current—A 


BASE SATURATION VOLTAGE vs, 
AMBIENT TEMPERATURE 


2.5 














0 
—25 0 25 50 75 100 125 
Ta—Ambient Temperature —°C 


NEC 


ELECTRON DEVICE 


SILICON DARLINGTON POWER TRANSISTOR 


NTD41 1 


LOW FREQUENCY AMPLIFIER AND LOW SPEED SWITCHING 
NPN SILICON EPITAXIAL MESA DARLINGTON TRANSISTOR 


DESCRIPTION 


Suitable for hummer driver, pulse motor driver and relay driver applications. 


PACKAGE DIMENSIONS 


in millimeters (inches) 
¢ 25MAX. 
($0.984MAX.) 






$22.5MAX. 
(90.886MAXS 


3.5MAX. 
(0.138MAX.) 









9.5MAX. 
(0.374MAX.) 





FEATURES 
@ Operates from IC without predriver. 
@ Low collector saturation voltage. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Voltages and Currents (Ta = 25°C) 


Industrial Use 





wees Collector to Base Voltage Vcso 100 Vv 
hae 039) Collector to Emitter Voltage VCER (sus) 80 V 
40MAX. VCEX (sus) 80 Vv 
1.575MAX.) 
VCEO\(sus) 80 Vv 
Emitter to Base Voltage VEBO 8.0 Vv 
ue Continuous Collector Current {c(DC) 10 A 
22 Peak Collector Current IC(pulse)* 15 A 
pont ee Continuous Base Current IB(DC) 1.0 A 
- = Maximum Power Dissipation 
Total Power Dissipation (Ta = 25°C) Pr 5 Ww 
(Tc = 25°C) Py 100 Ww 
Maximum Temperatures 
Junction Temperature Tj : 200 °C 
Storage Temperature Tstg -65 to +200 °C 
1, Base Lead T t 
2. Emitter @ emperature 
3. Collector (Case) 1/8 inch from case for 10 seconds TL 260 °C 
Thermal Resistance 
: TC-3, TB-3 P F ° 
SE BES : TO-3 Junction to Ambient Rth(j-a) 35 C/w 
Re *= 2002 IEC : C14A, B18 Junction to Case Rth (j-c) 1.75 °C/W 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


; CHARACTERISTIC SYMBOL 
VCEO(sus) 


VCER (sus) 


VCEX (sus) 


Collector to Emitter 
Sustaining Voltage 





* Pulsed PW $10 ms, duty cycle S$ 50% 


UNIT TEST CONDITIONS 





1c=0.2A, IB=0 


ic=0.2A, 
RBE=1002 





=i Mee: 2A, Ba 'B= =20mA 





Collector Cutoff Current 


ICEO 


Collector Cutoff Current 
Emitter Cutoff Current 

DC Current Gain 

Collector Saturation Voltage 





a 

oe MN a ee | 
ee 
ef eee 


1000 100 











re (sat) 
Base Saturation Voltage VBE (sat) 


* Pulsed PW S 350 us, duty cycle S$ 2% 


| VeB= =80V, 
VcB=80V, 
| wA | VcE=40Vv, IB=0 
VeB=5.0V, Ic=0 
VCE=2.0V, IC=10A* 


a =0 
te=0, TC=125°C 
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IC=10A, IB=25mA* 


NTD411 NEC etectron pevice 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs, 















































AMBIENT TEMPERATURE SAFE OPERATING AREA COLLECTOR TO EMITTER VOLTAGE 
et a TTT Ty 
; z - seenee 
L 80 e P fe ee 
= ! | 
a r = 8 
2 6 5 ¢ 
7 0 38 a] 6 “| 
5 5 5 =e 
2 40 FE 3 YA ae 
: z 3 a a 
e demon s 2 4 cscaaeees 
1 20 — Xone A ‘a GA RT 
- 2 
a Pag, ESN of Beeeee eee 
Without t Heat Sink Sen ir ate 
0 30 100 ~ 150 200 0 2 3 4 6 
Ta—Ambient Temperature — C Vce—Collector to Emitter Voltage —V Vce—Colector to Emitter Voltage —V 
DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION 
COLLECTOR CURRENT VOLTAGE vs. COLLECTOR CURRENT 


Vce=2.0v. FP 
es a | 








Ic = 1000-in 
Pulsed 























= 

















° 
Gu) 





hre~DC Current Gain 

















° 
iy 























Voetsat) — Collector Saturation Voltage —V 
Veetsa — Base Saturation Voltage —V 


o 
~ 
— 
°o 


Ic—Collector Current—A = Coledtar Current—A 
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NEC 


ELECTRON DEVICE 


SILICON DARLINGTON POWER TRANSISTOR 


NTD412 


Low FREQUENCY AMPLIFIER AND LOW SPEED SWITCHING 
NPN SILICON EPITAXIAL MESA DARLINGTON TRANSISTOR 


DESCRIPTION 


Suitable for hummer driver, pulse motor driver and relay driver applications. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


$25MAX. 
($0.984MAX.) 


(0.067MAX:) 


11.5+1.0 9.8MAX. 


(1.071MAX.) (0.453) (0.386MAX.) 








40MAX. 


2—440+0.15 
(40.157) 


27.2MAX. 


3 
3 
30.2+0.2 
(1.189) 
1 + 
1, Emitter 
: 2. Base 
! 3. Collector (Case) 
Ri Re 
02 EIAS : TC-3, TB-3 
Ri =2.0k JEDEC : TO-3 
Racor 1EC : C14A, B18 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC 


SYMBOL 


FEATURES 
® Operates from IC without predriver. 
@ Low collector saturation voltage. 


ABSOLUTE MAXIMUM RATINGS 


Industrial Use 


Maximum Voltages and Currents (Ta = 25°C) 


Collector to Base Voltage 
Collector to Emitter Voltage 


Emitter to Base Voltage 

Continuous Collector Current 

Peak Collector Current 

Continuous Base Current 
Maximum Power Dissipation 

Total Power Dissipation (Ta = 25°C) 

(Tc = 25°C) 

Maximum Temperatures 

Junction Temperature 

Storage Temperature 
Lead Temperature 

1/8 inch from case for 10 seconds 
Thermal Resistance 

Junction to Ambient 

Junction to Case 


* Puls 








Collector to Emitter 
Sustaining Voltage 


Collector Cutoff Current 


Collector Cutoff Current 
Emitter Cutoff Current 

DC Current Gain 

Collector Saturation Voltage 





* Pulsed PW S 350 us, duty cycle S$ 2% 





VCEO(sus) 
VCER(sus) 
VCEX (sus) 


VCE (sat) 


VcBo 150 Vv 
VCER(sus) 100 Vv 
VCEX(sus) 100 vi 
VCEO(sus) 100 Vv 

VEBO 10 V 

'c(DC) 15 A 

IC(pulse) * 20 A 
'B(DC) 1.5 e 
Pr 5 w 
Pr 150 w 
aj 200 ec 

Tstg -65to +200 °C 

Th 260 °C 

Rth(j-a) 35 °C/W 
Rth(j-c) 1.17 °C/W 


ed PW <10 ms, duty cycle s 50% 


TEST CONDITIONS 





1c=0.2A, 1B=0 


1Cc=0.2A, IB=-IBp=20mMA 


VcBp=100V, IE=0 





VcB=100V, i€=0, TC=125°C 





VcE=50V, IB=0 


























108 


VeEB=5.0V, Ic=0 


VCE=2.0V, 1C=15A* 


Ic=15A, IBp=30mA* 


NTD412 NEC ttectron pevice 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs. SAFE OPERATING AREA COLLECTOR CURRENT vs, 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 












































i. —Collector Current—A 
\. —Collector Current ~A 












P;—Total Power Dissipation—W 


























































ay 
, 2) 
re ee = 
_ eS 
ithout_Heat Si —" Ss 
le Heat, Sink | 


0 25 50 75 100 125 15 175 200 
Ta—Ambient Temperature — C 














Vee Collector to Emitter Voltage —V Vee Collector to Emitter Voltage —V 


BASE AND COLLECTOR 
SATURATION VOLTAGE 
vs, COLLECTOR CURRENT 


tT 1e=500-1n 


OC CURRENT GAIN vs, 
COLLECTOR CURRENT 

























Vce=2.0V 
Pulsed 























































































hep —DC Current Gain 












































VeEGan Collector Saturation Voltage —V 
~-Base Saturation Voltage —V 




















































































































100 
0102 05 1 2 5 10 20 50100 


Io —Collector Current—A |. —Collector Current—-A 
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PRELIMINARY SPECIFICATION 


SILICON DARLINGTON POWER TRANSISTOR 
NTD565 


LOW FREQUENCY AMPLIFIER AND LOW SPEED HIGH CURRENT SWITCHING 
NPN SILICON TRIPLE DIFFUSED DARLINGTON TRANSISTOR 
INDUSTRIAL USE 






NEC 


ELECTRON DEVICE 











DESCRIPTION 
PACKAGE DIMENSIONS Suitable for igniter driver and motor driver applications. 
(Unit : mm) 
g 25 MAX. 
FEATURES 


@ High Voltage and High Current. 
@ High Reverse Current. 





®@ Low collector saturation voltage. 









ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 

2-¢ 4.00.15 Collector to Base Voltage VcsBo 400 Vv 
; Collector to Emitter Voltage VcEO 400 Vv 
Emitter to Base Voltage VeBo 8 Vv 
Continuous Collector Current Ic(Dc) 10 A 
Peak Collector Current Ic(putse) * 20 A 
Maximum Power Dissipation Pr 100 Ww 

1. Base Ri ROR =2 kQ : : 3 
2. Emitter R100 Q Maximum Junction Temperature 7; 150 Cc 
ie erate aia Maximum Storage Temperature Ts tg -—65 to +150 °C 


EIAJ > TC-—3, TB-—3 
JEDEC : TO—204MA(TO —3) *Pulsed PW S 300 us, duty cycle < 10 % 
{EC : C14A, B18 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
CHARACTERISTIC SYMBOL TYP. MAX. 
— VcE=15V,IC=6A * 
REE [ere 


DC Current Gain hee 
Collector Saturation Voltage VCE (sat) 
Base Saturation Voitage VBE (sat) 


«Pulsed PW $350 us, duty cycle<2 % 
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NTD565 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 














I¢—Collector Current —A 





Py —Total Power Dissipation —W 








Ta—Ambient Temperature — C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


CN i 


ane 


hee —OC Current Gain 








‘0.10.2 05 1 2 #5 10 20 
l¢—Collector Current—A 


VcE(sat) ~ Collector Saturation Voltage —V 





ao 


oo 


—Base Saturation Voltage—V 


VBE(sat) 


ornN 


- ON 


NEC ttectron vevice 


COLLECTOR CURRENT vs. 
SAFE OPERATING AREAS COLLECTOR TO EMITTER VOLTAGE 














<x 
A 
Cc 
o 
£ 
= | 
oO 
S 
3° 
2 
x} 
oO 
| 
aS) 
2 5 10 20 50 ro 200 500 1000 
te Collector to Emitter Voltage—V Voge - eee to Sars Voltage —V 





BASE AND COLLECTOR 
SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 

















Ig —Collector Current —A 
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NEC SILICON POWER TRANSISTORS 


NTD568,NTD569 


ELECTRON DEVICE 


LOW FREQUENCY AMPLIFIER AND LOW SPEED SWITCHING 
NPN SILICON EPITAXIAL TRANSISTOR 


DESCRIPTION 


Suitable for lamp driver and inductive load driver. 


PACKAGE DIMENSIONS 
in millimeters(inches) 









10.7 MAX. FEATURES 
26 (0.421MAX.) 43 6402 - ree @ High current switching capability. 
He 014?) atooe @ Low collector saturation voltage. 
om zt-z. (0.051) 
2 ® ABSOLUTE MAXIMUM RATINGS 
4 me Maximum Voltages and Currents(Ta=25°C ) 
Collector to Base Voltage VcBo 
1.3+0.2 Hl f= > 10.65+0.1 Collector to Emitter Voltage VcEO 
(0.05 1)f ; | (0.026) 
s Emitter to Base Voltage VeEBO 
0.75+0.1 26 
(0.03) "54064 (0.102) Continuous Collector Current | c(DC) 
(0.1) (0. 1) Peak Collector Current | C(puise)* 
Continuous Base Current | B(0C) 
Maximum Power Dissipations 
1.Base(B) Total Power Dissipations 
2. Collector (C) at 25°C Ambient Temperature Pr 
3. Emitter (E) at 25°C Case Temperature Pr 
4. Fin(Collector) 
Maximum Temperatures 
Junction Temperature Tj 
Storage Temperature Tstg 


Industrial Use 


NTD568 NTD569 


100 100 
60 80 
70 70 
7.0 7.0 
15 15 
35 3.5 

2.0 

65 

150 
—55 to + 150 


* Pulsed PWS 300us, duty cycle 310% 


ELECTRICAL CHARACTERISTICS (Ta=25C) 


CHARACTERISTIC SYMBOL 


TEST CONDITIONS 





Collector Cutoff Current | cBO 


Vcs=80V, |E=0 








DC Current Gain Nee1 


VcE=1.0V, |c=3.0A* 





DC Current Gain hree2 


VoE=10V, !Io= 500A * 





Collector Saturation Voltage VCE(sat) 








Base Saturation Voltage VBE(sat) 
* Pulsed PWS350us, duty cycleS2% 


mP PPpPpe<cc<cc< 


= 


NTD568,NTD569 NEC tcectron oevice 


TYPICAL CHARACTERISTICS(Ta=25°C) 


TOTAL POWER DISSIPATION vs. FORWARD BIAS SAFE OPERATING 
CASE TEMPERATURE AREAS 




































































1¢ — Collector Current ~ A 











P+ — Total Power Dissipation — W 












































0 50 100 150 


Tc — Case Temperature — °C Vce — Collector to Emitter Voltage — V 


DERATING CURVE SAFE 
OPERATING AREAS TRANSIENT THERMAL RESISTANCE 





















































®th(j-c) — Thermal Resistance — °C/W 





dT — Percentage of Rated Current — % 



















































































0) 50 100 150 : 10 
Tc — Case Temperature — °C PW — Pulse Width — ms 


COLLECTOR CURRENT vs. COLLECTOR DC CURRENT GAIN vs. 
TO EMITTER VOLTAGE COLLECTOR CURRENT 




























































































< cs 
! oO 

” - 

5 5 
3 3 

5 oO 

S a 
2 | 
3 a 

I = 

oO 
: Ch 

LL 
0 10 20 30 40 50 0.001 0.01 0.1 1.0 10 


VceE — Collector to Emitter Voltage — V Ic — Collector Current — A 
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NEC tectron vevice NTD568,NTD569 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 





VCE{sat) — Collector Saturation Voltage — V 


VBE(sat) — Base Saturation Voltage — V 








1 

7 ai 

0.001 0.01 0.1 1.0 10 
I¢ — Collector Current — A 


411A 





PRELIMINARY SPECIFICATION 


NEC /siticon partincTon POWER TRANSISTORS 
ELECTRON DEVICE 


NTD985,NTD986 





LOW FREQUENCY AMPLIFIER AND LOW SPEED SWITCHING 
NPN SILICON EPITAXIAL DARLINGTON TRANSISTOR 


INDUSTRIAL USE 





DESCRIPTION . 


Suitable for hummer driver, pulse motor driver and relay driver applications. 


PP Sie” sence FEATURES 
PACKAGE DIMENSIONS 


in millimeters (inches) 


85 MAX. 
(0.334 MAX.) 





Ss 
i=4 
S 
13.0 MAX. 
(0.512 MAX.) (0472 MAX 





SLM 0.8 7308 
(0.031) 2323 
(0.091) (0.091) 


2(c) 


3(B) 


Ry Ro 
1(E) 

Ry=F10 kQ 

Ro*=500 Q 


AWN 





2.8 MAX. 





(0.11 MAX.) 


. Emitter (E) 

. Collector (C) 

. Base (B) 

. Fin (Collector) 








© Operates from IC without predriver. 


® Low Collector saturation voltage. 


® For complementary use with type NTB794, NTB795. 


® Similar to MJE800 to 803. 


ABSOLUTE MAXIMUM RATINGS 





Maximum Voltages and Currents (Ta =25 °C) NTD985 NTD986 


Collector to Base Voltage 
Collector to Emitter Voltage 


Emitter to Base Voltage 
Continuous Collector Current 
Peak Collector Current 


Continuous Base Current 
Maximum Power Dissipations 

Total Power Dissipation (Ta =25 °C) 

Total Power Dissipation (Tc = 25 °C) 
Maximum Temperatures 

Junction Temperature 

Storage Temperature 
Lead Temperature 

1/8 inch from case for 10 second 
Thermal Resistance 

Junction to Ambient 


Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) NTD985/986 


CHARACTERISTIC 


no 


SYMBOL 


VcBO 150 150 V 
VCER(SUS) 60 80 Vv 
VCEX(SUS) 60 80 Vv 
VcEO(sUS) 60 80 Vv 
VEBO 8.0 Vv 
Ic(pc) +2.0 A 
'C(pulse)* +4.0 A 
IB(DC) 0.2 A 
Py 1.0 W 
Pr 20 Ww 
Tj 150 °C 
Tstg —55 to +150 °C 
TL 260 °6 
Rth(j—a) —e “CW 
Rth(j—c) 6.25 °C/W 


*Pulsed PW S 300 us, duty cycle S10 %. 


TEST CONDITIONS 





Collector to Emitter 
Sustaining Voltage 


VcEO(suUs) 


|_'¢=0.2 A, Ig =0 





VcER(SUS) 


Ic =0.2 A, Rpg = 100 2 





VcCEXx(sus) 


Ic =0.2 A, Ig =—Ig=2.0 mA 





Collector Cutoff Current 


IcBoO 


Vcp =60/80 V, Ie =0 





Vp =60/80 V, Ile =0, Te =125 °C 





Collector Cutoff Current 


+~— 


ICEO 


Vce =60/80 V, Ig =0 





Emitter Cutoff Current 


lEBO 





Vep =5.0 V, ic =0 





DC Current Gain 
Collector Saturation Voltage 





hFE 


VcE =2.0 V, Ic = 1.0 A* 





VCE(sat) 





Base Saturation Voltage 





I¢=1.0 A, Ig=1.0 mA* 





Turn On Time 


VBE(sat) et 


ton 





Storage Time 


tstg 


—+—. 





+ 4 





Fail Time 








tf 











*Pulsed PW S350 us, duty cycleS2 %. 


Ic=1.0 A, Ig, =—-Ig2=1.0 mA 
Voc =50 V,R_=50 2 
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NTD985,NTD986 | sot ; | | NEC ELECTRON DEVICE 





TYPICAL CHARACTERISTICS (Ta=25 °C) — 


TOTAL POWER DISSIPATION vs. | : ss ‘ Sat on aks : 
CASE TEMPERATURE SAFE OPERATING AREAS 


: Ee Weal ae : 
20 
16 


8 


Ne 
TINA 


_NW 














° 
pan 


He 
held 


I¢—Collector Current—A 


P+—Total Power Dissipation—W 
Hil 
































Single Pulse 











0.01 





Tc —Case Temperature—°C 


DERATING CURVE OF SAFE 
OPERATING AREAS 
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Tco—Case Temperature —°C PW—Pulse Width—ms 


COLLECTOR CURRENT vs. COLLECTOR TO 







































































REVERSE BIAS SAFE OPERATING AREAS EMITTER VOLTAGE 

20 

16 
< < 
| . 

: £12 
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§ 5 
i) o 
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Vcoe—Collector to Emitter Voltage—V , , ‘Vce—Collector to Emitter Voltage—V 
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NTD985,NTD986 


NE ELECTRON DEVICE 





BASE AND COLLECTOR SATURATION 
DC CURRENT GAIN vs. COLLECTOR CURRENT VOLTAGE vs. COLLECTOR CURRENT 








Vop=2.0 V 
Pulsed 
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VBE(sat)— Base Saturation Voltage—V _ 













































































“0.01 0.1 1.0 10 
I¢—Collector Current—A l¢—Collector Current—A 
SWITCHING TIME (ton, tstg, tf) TEST CIRCUIT 
RL =50 Q 
BASE 
Vin CURRENT WAVE Bl 
pats ae IB2 
TUT. Tyeg~50 V 
L COLLECTOR Ic 
PW CURRENT WAVE 
PW=50 ys Vep=—5 V 


duty cycleS2 % ton tstg tf 


NEC 


ELECTRON DEVICE 








PRELIMINARY SPECIFICATION 


SILICON DARLINGTON POWER TRANSISTOR 





NTD987 





HIGH VOLTAGE HIGH CURRENT SWITCHING | 
NPN SILICON TRIPLE DIFFUSED DARLINGTON TRANSISTOR 


INDUSTRIAL USE 





DESCRIPTION 
Suitable for transistor ignitor and motor driver applications. 









PACKAGE DIMENSIONS 
in millimeters (inches) 
<. 10.7 MAX. ¢ 36+02 
$2 (0.421 MAX.) _(¢ 0.142) his a 
a3 fio (0.193 M 
“| 3 13402 
Vist. 3 (0.051) 
z x =< 
3/35 
: Aig 8 
ISIS S 
Izlez 
13402 = = = ee 
(0.051) vu fe Ss 0.6540. 
Sim S (0.026) 
0.754014 Ss of 
(0.08) 954354 (0.102) 


1. Base (B) 

2. Coliector (C) 
Ke 

4. Fin (Collector) 


JEDEC : TO—220AB 




















(0.1) (0.1) 


1(B) 


Emitter (E) 





FEATURES 
® High voltage switching. 
®@ Low collector saturation voltage. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Currents (Ta=25 °C) 


Collector to Base Voltage 
Collector to Emitter Sustaining Voltage 
Collector to Emitter Sustaining Voltage 
Emitter to Base Voltage 
Continuous Collector Current 
Peak Collector Current 
Continuous Base Current 
Maximum Power Dissipations 
Total Power Dissipation 
Total Power Dissipation 
Maximum Temperatures 
Junction Temperature 
Storage Temperature 
Lead Temperature 
1/8 inch from case for 10 seconds 
Thermal Resistances 
Junction to Case 
Junction to Ambient 


Vceo 500 Vv 
Vceoisus) 400 V 
Vcex(sus) 400 V 
VEBO 8.0 Vv 
Icio) +5.0 A 
IC(pulsey* +10 A 
'g(DC) 0.5 A 
Pr(Te=25 °c) 50 Ww 
Pr(Ta=25 °c) 1.85 Ww 
T; 150 “iG 
Tstg  —55to+150 °C 
TL 260 i 
Rth(j-c) 2.5 °C/W 
Rth(j-a) «67.8 °C/W 


*Pulsed PW S 300 us, duty cycle <10 % 


NTD987 


NEC ELECTRON DEVICE 





ELECTRICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


CHARACTERISTIC SYMBOL 





Collector to Emitter Sustaining Voltage VCEO(SUS) 


TEST CONDITIONS 





Vv Ic=3 A, 1p=30 mA, L=1.0 mH 








BA | Vcp=400 V, Ip=0 





mA | Vcg=400V, IE =0, Ta=125 °C 








Emitter Cutoff Current 


|_ Vep=5.0 V,|Ic=0 





DC Current Gain 


Collector Saturation Voltage 


Base Saturation Voltage Vv 
9 eit BE (sat) 





Turn On Time ton 


VcE=2.0 V, Ic=1.0A 
VcE=2.0 V, IC=3A 


1¢=3.0 A, lgp=30 mA 








Storage Time tstg 


Ic=3 A, [g1=—Igp2=30 mA, 
Vcc=150 V, RL =50 2 





Fall Time tf 





* Pulsed PW S350 us, duty cycles 2 % 


SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


PW 


PW=50 ys = ee 


duty cycles2 % 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 











TUT. 7 
lea V 























P+—Total Power Dissipation—W 


Ta—Ambient Temperature —°C 














Ri=50 Q 






BASE CURRENT WAVE 


COLLECTOR CURRENT WAVE 


FORWARD BIAS SAFE OPERATING AREAS 











Ic— Collector Current—A 








co a Gi cat 
HL ENN 
Sait mail 


1.0 5.0 10 500 1000 

















Vcg—Collector to Emitter Voltage—V 


din 


NEC cron vevice 


VcE(sat)— Collector Saturation Voltage—V 
VBE(sat)—Base Saturation Voltage—V 


dT— Forward Bias SOA Derating—% 


\¢—Collector Current—A 


DERATING CURVE OF SAFE OPERATING 
AREAS 




















0 50 


Tc—Case Temperature —°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 






























































0 1.0 2.0 3.0 40 5.0 
“Vce—Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


SEH 






















































































\¢—Collector Current—A 


AAN 


hee—DC Current Gain 


Oth(j—c)— Transient Thermal Resistance —°C/W 


NTD987 










































































0.01 0.1 1.0 10 


PW—Pulse Width— ms 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
























10000 Fee 
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-—— Pulsed 


































































































1.0 
i¢ —Collector Current—A 


EC SILICON POWER TRANSISTORS 
eer 2SA1006,2SA1006A,2SA1006B /2$C2336,2SC2336A,2$C2336B 


AUDIO FREQUENCY POWER AMPLIFIER 


PNP/NPN SILICON EPITAXIAL TRANSISTOR 
(BUILT IN EMITTER BALLAST RESISTORS) 


DESCRIPTION 
The 2SA1006, 2SA1006A, 2SA1006B/2SC2336, 2SC2336A and 2SC2336B are silicon epitaxial transistors suited for use as 


driver stage of 150 to 500 watts complimentary symmetry audio amplifier. 





FEATURES 
@ Wide safe operating area (SOA) because of emitter ballast resistors structure. 


® High voltage ratings. Vce9 = 180V, 200V,, 250V 
@ High f; : PNP type, 80MHz, NPN type, 95MHz (at 10V 100mA) 
e@ Excellent hre linearity. 


ABSOLUTE MAXIMUM RATINGS 


2SA1006 | 2SA1006A | 2SA1006B | 2SC2336 | 2SC2336A | 2SC2336B 


Maximum Voltages and Currents (Ta=25°C) 








Collector to Base Voltage VcBo Vv 

Collector to Emitter Voltage VCEO Vv 

Emitter to Base Voltage VEBO -5.0 5.0 Vv 

Collector Current Ic(pc) -1.5 1.5 A 

Collector Current | IC (pulse) * ~3.0 3.0 A 
Maximum Power Dissipations 

Total Power Dissipation PT (Tc =25°C) 25 25 Ww 

Total Power Dissipation PT (Ta =25°C) 15 1.5 w 
Maximum Temperature 

Junction Temperature Tj 150 150 °c 

Storage Temperature Range Tstg -55 to +150 -55 to +150 ase: 


*PW <10ms, duty cycle 50% 


ELECTRICAL CHARACTERISTICS (Ta= 25°C) 2SA1006, 2SA1006A, 2SA1006B/2SC2336, 2S5C2336A, 2SC2336B 


CHARACTERISTIC SYMBOL é . . UNIT TEST CONDITIONS 
Collector Cutoff Current ICBO 0/1. uA Vcop=150V, IE =0 














——~} 
Emitter Cutoff Current lEBO .0/1. VeEB=3.0V, Ic=0 


120/90 | | VcE=5.0V, I¢=5.0mA* 
DC Current Gain 
VoE=5.0V, Ic=150mA* 


Collector Saturation Voltage VCE (sat) { 4/0. .0/1. Ic =500mA, Ip =50mA* 








Base Saturation Voltage he VBE(sat) | 0/1. 5/1, I¢=500mA, Ig =50mA* 


Gain Bandwidth Product ig = VcE=10V, Ic=100mA 


Output Capacitance VcoB=10V, te =0, f=1.0MHz 

















*Pulse Test PW <350us, duty cycle 52% 
NFE2 Classification / R : 60 — 120, Q: 100 — 200, P : 160 — 320 
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2SA1006,2SA1006A,2SA1006B/2SC2336, 2SC2336A,2SC2336B NEC sctronoewece 


TYPICAL CHARACTERISTICS (Ta=25°C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE DERATING CURVES FOR ALL TYPES 


NOTE 

1. Aluminum heat sink of- 
2.0mm thickness. 

2. With no insulator film. 

3. With silicon compound. 








Py—Total Power Dissipation—W 
dT —Percentage of Rated Current—% 








Ta-—Ambient Temperature —°C Tc —Case Temperature —°C 


THERMAL RESISTANCE vs. 
SAFE OPERATING AREA PULSE WIDTH 


2. Curves must be derated 
linearly with increase in 
eae and duty cycle. 


Ig — Collector Current—A 
ARtp— Thermal Resistance—°C /W 


|__| 2SA1006,28¢2336 are 
lee 2SC2336A VcEOMAX 





= 3 F 10 30 60100 30 100 “Ol 3 100 300 1000 
Vce—Collector to Emitter Voltage—V iotie, ae 
2SA1006, 1006A, 1006B 2SC2336, 2336A, 23368 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 


\¢—Collector Current —A 
\¢—Collector Current —A 





0 —50 —100 —150 —200 0 50 100 150 200 
Voce —Collector to Emitter Voltage—V Voce —Collector to Emitter Voltage—V 
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hee —DC Current Gain 


f¢—Gain Bandwidth Product —MHz 


DC CURRENT GAIN, 
BASE TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 





Pulse Test 


ia 

= TT TTT 
LU ft 

281006, 1006A, 10068 | | 


es ma oe OE ED OL 
os 







































































1 
0.001 0.003 0.01 0.03 01 03 1 3 
I¢—Collector Current—A 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 





Voge =10V 
Forced air 
cooling 

(with heat sink) 











































































































Ic —Collector Current —A 


PACKAGE DIMENSIONS (Unit : mm) 


3640.2 4.82MAX. 


1.3+0.2 


0.65+0.1 


+0.32 
2.6056 


1. Base 

2. Collector (Fin) 
3. Emitter 

4. Fin 





Vee —Base to Emitter Voltage —V 


2SA1006,2SA1006A,2SA1006B /2SC2336,2SC2336A,2SC2336B 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. 
COLLECTOR CURRENT 

















VCE(sat) — Collector Saturation Voltage—V 
VBE(sat) — Base Saturation Voltage —V 


= 
=o 
tht tht Tt 
NEL ce 
3 



























































MUTI 


‘Q00r 0.003 0.01 0.03 O01 
Ig—Collector Current—A 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 



































Cob — Output Capacitance — pF 






































1 3 100 1000 
Vcop—Collector to Base Voltage—V 


Holes for mounting 


1 2 3 
TT. 


Mounting instruction 


Insulator film 


Heat. sink 
Bushing 


Spring washer 
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NEC SILICON POWER TRANSISTORS 
Eee eeee 2SA1007,2SA1007A/2SC2337,2SC2337A 


AUDIO FREQUENCY POWER AMPLIFIER,HIGH FREQUENCY 
POWER AMPLIFIER AND HIGH CURRENT SWITCHING 


PNP/NPN SILICON EPITAXIAL TRANSISTOR 
(BUILT IN. EMITTER BALLAST RESISTORS) 


DESCRIPTION 
PACKAGE DIMENSIONS ‘The 2SA1007, 2SA1007A/2SC2337, 2SC2337A are epitaxial high 
in millimeters (inches) power transistors designed for use in high power high fidelity audio 


amplifier applications. 
Koeuiaal FEATURES 
® Wide safe operating area (SOA) because of buit in emitter ballast 
resistors structure: 80V, 1A, 1 sec. 


@ High ft: PNP type, 6OMHz, NPN type, 1O00MHz (at 5V, 1A) 
@ Excellent hFE linearity 






41.0 59:03 


($0.04) 







13.5405 95MAX 
(0.45) (0. 38MAX) 


@ Suitable for high fidelity stereo amplifiers, ultra sonic equipments, 
DC-AC inverters, switching regulators. 


(1.05MAX ) 


ABSOLUTE MAXIMUM RATINGS 


2SA1007/ 28C2337/ 
2SA1007A 2SC2337A 





(1.19) Maximum Voltages and Currents (Ta=25°C) 

Collector to Base Voltage VcCBO —150 150 Vv 
1. Base Collector to Emitter Voltage VCEO —130/—150 130/150 Vv 
2. Emitter Emitter to Base Voltage VEBO —4,5 4.5 Vv 
3. Collector (Case) Collector Current Ie (DC) —10 10 A 
EIAJ :TC-3, TB-3 Collector Current * IC (pulse) -15 15 A 
JEDEC:TO-204MA(TO-3) Maximum Power Dissipation 
IEC :C14A, B18 Total Power Dissipation PT (Tc=25°C) 100 WwW 

Maximum Temperatures 
Junction Temperature Tj 150 °C 
Storage Temperature Tstg —65 to +150 °C 


*PWS 10 ms, duty cycle & 50% 
ELECTRICAL CHARACTERISTICS (Ta = 25°C) 2SA1007, 2SA1007A/2SC 2337, 2SC2337A 


CHARACTERISTIC SYMBOL | MIN.| TYP. | MAX. | UNIT TEST CONDITIONS 
Collector Cutoff Current ICBO | | —80/50 | nA | VcB=—150/150V, le=0 



















Emitter Cutoff Current IEBO —100/100) pA VEB=—3.0/3.0V, 1C=0 
HFE1 165 VCE=—5.0/5.0V, |C=—50/50mA* 
Be 320 | = 













DC Current Gain 
Collector Saturation Voltage 
Base Saturation Voltage 
Gain Bandwidth Product 
Output Capacitance 


Turn On Time 





nFE2 40 i 150 
VCE (sat) 
VBE(sat) 


VCE=—5.0/5.0V, Ic=—2.0/2.0A* 
Ic=—6.0/6.0A, !B=—0.6/0.6A* 


Ic=—6.0/6.0A, |B=—0.6/0.6A* 
VCE=—5.0/5.0V, IC=—0.2/0.2A 
Vcp=—10/10V, 1E=0, f=1.0MHz 















V 
—1.5/1.5] —2.0/2.0 

a oe wiz 
250/150 


0.2 
0.7/1.5 



















































+ 1C=—5/5A, 1B1=—IB2=—0.5/0.5A 


Storage Time 
RL=10Q 


Turn Off Time 


* Pulse Test PW S 350us, duty cycle < 2% hFE2 Classification /S: 40to80, R: 60t0120, Q: 100to 200, P: 160t0320 
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-28A1007,2SA1007A/2SC2337,2SC2337A NEC ttectron oevice 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs. DERATING CURVE OF SAFE 
AMBIENT TEMPERATURE OPERATING AREAS 


INOTE 1, Aluminum heat sink of 


2.0mm thickness 
2. With no insulator film 
3. With silicon compound 























P7—Total Power Dissipation—W 


























dT—Percentage of Rated Current—% 

















0 50 100 150 0 50 100 150 
Ta—Ambient Temperature—°C Tc—Case Temperature—°C 
SAFE OPERATING AREAS TRANSIENT THERMAL RESISTANCE 



















































































































































































20 Jicipulsemax, (PWS 10ms, duty cycle $ 50%) a oon ean & 
; = a Ic =5A 
10 'C(DC)MAX. x) Cootir | duty = 0.001 
i <—} == = al 
Ss 4 "sot UIE | 
Fs a] 8 10h 
2 js § EoeA 
5 [e) a eas 
oe <2 a ge 5.0F TT 
i) > iia 
: Ne| | = oof OU 
= 1 WHS 4 goo 
7 1. Te = 25°C NSS — F —== 
2 0.5 aa 2. Curves must be derated VV a = L t+ 4 
[| temperature and uty eve EW <| a) ac 
0.2 HEN 8 |_| 
Baill He | 
0.1 : 7 
1 2 5 10 20 50 100 200 0.001 0.01 0.1 1 10 
VceE—Collector to Emitter Voltage—V PW—Pulse Width—ms 
2SA1007, 2SA1007A 2802337, 28C2337A 
COLLECTOR CURRENT vs. COLLECTOR COLLECTOR CURRENT vs. COLLECTOR 
TO EMITTER VOLTAGE TO EMITTER VOLTAGE 
(Oe) 
£) ——— 
i el 
¢ [Poe eal < 
FL ei 5 
3 n= o 
oO 2 
a | aie aa 6 
= (| 2 
: isi — 8 
o = nt 1, 
lam = -5mA 7 
aman = 
0 —10 —20 -30 —40 —50 
Vce—Collector to Emitter Voltage—V VcE—Collector to Emitter Vottage—V 
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hee—DC Current Gain 


fy—Gain Bandwidth Product—MHz 


DC CURRENT GAIN AND BASE TO EMITTER 
VOLTAGE vs. COLLECTOR CURRENT 










ct 
he Sor 
en 
Ir 
a cool Tt 
mee | 2SC2337, 2337A Seni) 
eweestenat i ae A oe Se or oe ae 
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= Hs.0 
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aR 
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oars Current—A 





GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 





1¢—Collector Current—A 


VBE — Base to Emitter Voltage—V 
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VBE (sat)— Base Saturation Voitage—V 


Cop—Output Capacitance— pF 


2SA1007,2SA1007A/2SC2337,2SC2337A 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


To = 26°C 
ig = 1018 
Pulse Test 




















VCE (sat) Collector Saturation Voltage—V 








\c—Collector Current—A 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


lJ 








Vcp—Collector to Base Voltage—V 


NEC SILICON POWER TRANSISTORS _ , 
a 2SB536,2SB537/2SD381,2SD382 


AUDIO FREQUENCY POWER AMPLIFIER AND LOW SPEED SWITCHING 
PNP/NPN SILICON EPITAXIAL TRANSISTOR 











DESCRIPTION . 
The 2SB536, 2SB537 and 2SD381, 2SD382 are silicon epitaxial transistors intended for a wide variety of 


switching and amplifier applications. 
These devices are especially suitable for use in the driver stage of 60 to 100 watts complimentary-symmetrical 





audio amplifier applications. 
The 2SB537 and 2SD382 have formed emitter and base leads for easy insertion into TO-66 sockets. 
FEATURES 
@ High breakdown voltage 
® High fy 
@ Wide safe-operating area 


ABSOLUTE MAXIMUM RATINGS 








Maximum Voltages and Currents (Ta=25°C) 2SB536, 2SB537 2S8D381, 2SD382 
Collector to Base Voltage VcsBo —130 130 Vv 
Collector to Emitter Voltage VcEO —120 120 Vv 
Emitter to Base Voltage VeBO —5.0 5.0 Vv 
Collector Current Ic(DC) -1.5 1.5 A 
Collector Current IC(pulse)* —3.0 3.0 A 
Base Current Ig(DC) -0.3 0.3 A 

Maximum Power Dissipations 
Total Power Dissipation 

at Case Temperature P-+(Tc=25°C) 20 20 w 
at Ambient Temperature P+ (Ta=25°C) 1.5 1.5 Ww 

Maximum Temperatures : 

Junction Temperature Tj 150 150 °C 
Storage Temperature Tstg —55 to +150 —55 to +150 °c 
* PW S10ms, duty cycle s 50% , 
ELECTRICAL CHARACTERISTICS (Ta = 25°C) 2SB536, 2SB537/2SD381, 2SD382 








UNIT TEST CONDITIONS 


—1.0/1.0 Vcs = 120V, Ip =0 
Ves = 3.0V, Ic =0 
Vce = 5.0V, Ic = 5.0mA* 
Vce = 5.0V, Ic = 0.3A* 


CHARACTERISTIC SYMBOL 
Collector Cutoff Current IcBo 
Emitter Cutoff Current lEBO 


DC Current Gain hre1 


DC Current Gain hFe2 
Collector Saturation Voltage VCE (sat) Piel BD a Ic = 1.0A, lg = 0.1A* 
Base Saturation Voltage VBE(sat) —0.9/0.9 —1.5/1.5 Ic = 1.0A, tp = 0.1A* 
ieee ster is = Weereovesnie—— 


* Pulse Test/PWS 350us, duty cycles 2% 
hee rank (heE2)/N: 40~80, M: 60~120, L: 80~ 160, K: 120~ 250 











1 ase 
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2$B536,2SB537/2SD381,2SD382 NEC tctron sevice, 


TYPICAL CHARACTERISTICS (Ta=25°C) 


TOTAL POWER DISSIPATION vs. _ DERATING CURVES FOR ALL TYPES 
AMBIENT TEMPERATURE : 
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x 
= | 
} 10} 1. Aluminum heat sink of 5 100 
c 2.0mm thickness. - 
2 2. With no-insulator film. 5 
s 3. With silicon compound. oO 80 
2 mea i no} 
% 2 
a s 
5 ~ 60 
é g 
3 a 
2 rs) 
i 5 
L a 20 
a | 
Ke 
a) 
0 50 0 50 100 150 
Ta—Ambient Temperature—°C Tc—Case Temperature —°C 
SAFE OPERATING AREAS THERMAL RESISTANCE vs, 


PULSE WIDTH 



















































































































































































Vcr =20V 
= H Ic=1.0A 
Py duty = 0.001 
< o uty 
| | 
ui g 
é s 
3 tt+—t— 2 
7 ia 3 
§ nm 3 
o 
i ial 
oO TN p— <= 
| tt - 
aS) ac ee | 
2. Curves must be derated Wei = 
linearly with increase in a | | a 
temperature and duty cycle. %, s B a 
1 3 6 10 30 =60 +100 300 0.1 0.3 #1 3 10 30 100 300 1000 
Vce—Collector to Emitter Voltage—V PW—Pulse Width—ms 
288536, 2$8537 2$D381, 2S0382 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
-1.0 1.0 
Tae Ta=25°C 
Pulse Test Pulse Test 
+ 0.8 a 0.8 
oa | 
$ S 
a —0.6 5 0.6 
5 5 
3 -0.4 8 0.4 
a ; 
| 
iS) 
2 _o.2 ~ 0.2 
0 9 
Vce—Collector to Emitter Voltage—V Vce—Collector to Emitter Voltage—V 
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Saturation Voltage—V 


VcE( sat) —Collector 


hee —DC Current Gain 


hre —DC Current Gain 


oc 


CURRENT GAIN, 


BASE TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 


































































































Ver=5.0V 
Pulse Test a 
Ta=25°C 
300 a=25 1 
2SB536, 258537; |7) s 
100 32. = $s 
<hr 1. 2S OSE = 
2 SDs = : =F 5 
60 2 dint 4 ++ 5 
30 ‘ i 
es ui 
| 2 
10 1 » 
6 = 0.6 & 
aR “Vegi : c 
3} +} 0.3 #2 
ist tf : 
1 0.1 
0.001 0.003 0.01 0.03 0.1 0.3 1 3 6 


—Collector Current —A 


2SB536, 2S8537 
OC CURRENT GAIN vs. 
COLLECTOR CURRENT 


Vce=—5.0V 
Pulse Test 












































1 
—0.001~0.003 -0.01 -0.08 -0.1 -0.3 -1 -3 -6 





















































—Collector Current —A 


2SB536, 2SB537 
COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 



























































* 0,001 —0.003 

































































-0.01-0.03 -0.1 -0.3 -1 ~3-6 


Ic —Collector Current —A 
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2SB536,2SB537/2SD381,2SD382 


VcE(sat) —Collector Saturation Voltage —V 
VBE(sat) —Base Saturation Voltage —V 


Vckisat) —Collector Saturation Voltage —V 


hre—DC Current Gain 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. 
COLLECTOR CURRENT 



















Pulse Test 


























































































































"9,001 0.03 0.01 0.03 0.1 0.3 


lc—Collector Current —A 


2SD381, 2SD382 
DC CURRENT GAIN vs. 
SOrEErron CURRENT 
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—Collector Current —A 


2SD381, 2SD382 
COLLECTOR SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 
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0.001 0.003 0.01 0.03 0.1 
Ic —Collector Current —A 





























2SB536,2SB537/2SD381,2SD382 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


Vce=5.0V 
Forced air 
cooling 

(with heat sink) 












































fr—Gain Bandwidth Product —MHz 





















































0.02 0.06 0.1 0.3 0.6 1 


lc —Collector Current -A 


PACKAGE DIMENSIONS in millimeters (inches) 
2SB536/2SD 381 


10. 66MAX. 4.82MAX. 
(0.419MAX.) (0.189 MAX.) 


1.340.2 
(0.051) 


0.50.2 
(0.02) 





Base 
Collector 
Emitter 
Fin 


+012 
2.80% 


2.54 2.54 
(0.1)(0.1) (O11) 


PYN> 


MOUNTING HARDWARES 
2SB536/2SD381 


a ; 
Heat sink Insulator film 


Bushing 
Spring washer 


MOUNTING HOLES 
2SB536/2SD381 


2.54 2.54 
(0.1) (0.1) 


120 


Cop —Output Capacitance —pF 


NEC ttectron vevice 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 































































































2 6 10 30 60 100 200 
Vcp—Collector to Base Voltage —V 


2SB537/2SD382 
4.82MAX. 
10.66MAX. (0.189MAX) 


(0.419MAX.) 
i 






$3.640.2 
($0.142) 





1,340.2 
(0.051) 






) 


(0.23 MIN. 





15.87MAX. 
(0.624MAX) 


(0.59) 


0.059) 5.85MIN. 
15.0 





a 
ss 
RS 
Ts 
: ZZ 
(0.051) #5 1. Base 
8 2. - 
0.828% © 3. Emitter 
(0.031) 4. Collector 
5. 
(0.2) 
2SB537/2SD382 
Lug Solder Printed Wired board 
2SB537/2SD382 


2 








2.54 2.54 
(0.1) (0.1) 


NEC SILICON POWER TRANSISTORS 


ELECTRON DEVICE 2SB539A,B,C/2SD287A,B,C 


AUDIO FREQUENCY POWER AMPLIFIER 
PNP/NPN SILICON TRIPLE DIFFUSED MESA TRANSISTOR 


DESCRIPTION 
The 2SB539A,B,C and 2SD287A,B,C are triple diffused mesa transistors designed for use in audio amplifier 
applications. 
These devices are especially suitable for use in output stage of 70 to 80 watts audio power amplifier. 
FEATURES 
@ High breakdown voltage. Vceg=120, 140, 150V 
@ High current ratings. I¢(puise)=15A 


@ Wide safe-operating-area. 


ABSOLUTE MAXIMUM TATINGS 

















Maximum Voltages and Currents (Ta=25°C) 2SB539A | 2SB539B | 2SB539C | 2SD287A | 2SD287B | 2SD287C 
Collector to Base Voltage VcBO V 
Collector to Emitter Voltage VcEO Vv 
Emitter to Base Voltage VEBO 6.0 7.0 Vv 
Collector Current Ic(Dc) 10 10 A 
Collector Current IC(putse) * 15 15 A 

Maximum Power Dissipation (Tc=25°C) 

Total Power Dissipation Pr 100 100 W 

Maximum Temperatures 
Junction Temperature Tj 150 150 °c 
Storage Temperature Range Tstg —55 ~ +150 —55 ~ +150 °c 





* PW <10ms, duty cycle S 50% 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 2SB539A, B, C/2SD287A, B, C 


CHARACTERISTIC SYMBOL MIN. TYP. UNIT TEST CONDITIONS 


Collector Cutoff Current IcBo —100/100 uA VceE = 120V, Ip =O 
Emitter Cutoff Current l—EBO —100/100 LA Ves = 5.0V, Ic = 0 






































DC. Current Gain hFe1 40 80 VceE = 5.0V, Ic =2.0A* 
ae a 

DC. Current Gain hFEe2 25 Vce = 5.0V, Ic = 5.0A* 

Collector Saturation Voltage VCE(sat) —1.4/0.8 ~2.0/2.0 Vv Ic = 6.0A, Ip = 0.6A* 

Base Saturation Voltage VBE (sat) —1.1/1.0 —2.0/1.7 Vv Ic = 6.0A, ig = 0.6A* 




















Gain Bandwidth Product ft 718 MHz Vce = 10V, Ic = 0.2A 
Output Capacitance Cob 420/300 pF Vcs = 10V, le = 0, f =1.0 MHz 


* Pulse Test PW S 350us duty cycle $2% 
hfe, rank: 40~80,60~120, 100~200 








2SB539A, B, C/2SD287A, B,C 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


P,;—Total Power Dissipation —-W 


Collector Current—A 


|>—Collector Current—A 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


NOTE 1. Aluminum heat sink of 
2.0mm thickness, 

2. With no insulator film. 

3. With silicon compound. 





























100 
Ta—Ambient Temperature — C 





SAFE OPERATING AREAS 


Ic(pulse MAX.{(dvr 
Tear MAX. | |] 
OR a a | 
Tt 































































linearly with increase of 
temperature and duty cycle. 


HH 2SB539A, 2SD287A_ 


| [2SB539B,2SD267B VceoMAX, 
en 




















LAA 
3 
10 20 50 100 


Voe--Collector to Emitter Voltage—V 


2SB539A, 539B, 539C 
COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





















































0 —10 —20 — 30 —40 —50 
Vce—Collector to Emitter Voltage —V 


aan 


NEC ttrctron oevice 


DERATING CURVES FOR ALL TYPES 














dT —Percentage of Rated Current—% 

















0 50 100 150 
Tc ~—Case Temperature—‘C 


THERMAL RESISTANCE vs. 
PULSE WIDTH 











I.=5.0A 
duty=0.001 

































































ARth—Thermal Resistance —‘C /W 


































































































0.01 0.1 
PW—Pulse Width—ms. 


2SD287A, 2878, 287C 
COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 

















lp—-Collector Current—A 





























Vce—Collector to Emitter Voltage—V 


N E C ELECTRON DEVICE 


hee—DC Current Gain 


f;—Gain Bandwidth Product 


Cop— Output Capacitance —pF 


DC CURRENT GAIN AND 
BASE TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 

















































































































0.01 
Ip Collector Current—A 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


Voge = 10V 

Forced air 
cooling 

mounted on heat 
















































































Ip~-Collector Current—A 


QUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 




















































































































3 10 30 100 
Vcg—Collector to Base Voltage—V 


Vee—Base to Emitter Voltage—V 


Voeisaty Base Saturation Voltage—V 


2SB539A, B, C/2SD287A,B,C 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. 
COLLECTOR CURRENT 









































Voetsaty ~Collector Saturation Voltage —V 















































le Collector Current—A 


PACKAGE DIMENSIONS 


in millimeters (inches) 


$22.22MAX. 
(40.875MAX.) 








1.540.3 


(0.433MAX.) 


(0.039) 


(0.461) 11.0MAX. 


11.7+0.5 


4.5(0.177) 


$4,040.15 
(0.157) 








10.9 
(0.429) 














1. Emitter 
2. Base 
3. Collector (Case) 


EIAJ : TC-3, TB-3 
JEDEC: TO-204MA (TO-3) 
IEC : C14A, B18 





NEC SILICON POWER TRANSISTORS 
eunnmies 2SB541 /2SD388 


AUDIO FREQUENCY POWER AMPLIFIER 
PNP /NPN SILICON TRIPLE DIFFUSED MESA TRANSISTOR 


DESCRIPTION 
P : : 
ig tar vata The 2SB541 and 2SD388 are triple diffused mesa transistors 
ee designed for use in 40 to 50 watts complementary-symmetry audio. 
(40.874MAX.) es amplifier applications. 


3g 
Z FEATURES 
s @ Excellent hee linearity 


2.5+0.9 
T (0.10) 





@ Low saturation voltages 
@ Wide Safe Operating Area 





$1.028:98 
(g0.04) 







39. 94MAX. 
(1.57MAX.) 





ABSOLUTE MAXIMUM RATINGS 





2SB541 2SD388 
R4.5 Maximum Voltages and Currents (Ta=25°C) 
, Se Collector to Base Voltage VcBo —110 150 v 
ee Collector to Emitter Voltage VcEO —100 100 Vv 
Emitter to Base Voltage VEBO -6.0 7.0 Vv 
Collector Current Ic(DC) -8 8 A 
Collector Current IC(putse)* -~12 12 A 
@. eines Maximum Power Dissipation 
2. Emitter Total Power Dissipation PT (Te = 25°C) 80 Ww 
3. Collector (Case) Maximum Temperatures 
EIAJ : TC-3, TB-3 Junction Temperature Tj 150 °C 
JEDE : TO-204MA (TO-3) ° 
ee c eye wig Storage Temperature Tstg ~55 to +150 Cc 
*PW =10ms, duty cycle £50% 
ELECTRICAL CHARACTERISTICS (Ta = 25°C) 2SB541/2SD388 


CHARACTERISTIC SYMBOL . MAX. TEST CONDITIONS 


Collector Cutoff Current IcBo —100/100 Vcp=100V, Ie =0 

Emitter Cutoff Current a lEBO —100/100 [ Vep =~ 4.0V/5.0V, Ic =0 
hee 80 Voce =5.0V, Ic=1.0A* 
Ic = 4.0 A* 














DC Current Gain L 


hre2 40 L | 
Collector Saturation Voltage VCE(sat) —1.1/1.0 —2.0/2.0 Vv lg =1.0A* 


-1.2/1.1 | —2.0/20 Vv Ip=1.0A* 
is MHz 








Base Saturation Voltage ~ VBE(sat) 
Gain Bandwidth Product. —|_—«f 719 
Output Capacitance Cob 320/190 pF 


*Pulse Test PW 3350s, duty cycle <2% 
hfe Classification /S: 40-80 R: 60—120 OQ: 100-200 
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2SB541 /2SD388 NEC ttectron oevice 


TYPICAL CHARACTERISTICS (Ta= 25°C) 


TOTAL POWER DISSIPATION vs. DERATING CURVES FOR ALL TYPES 
AMBIENT TEMPERATURE 


NOTE 1. Aluminum heat sink of 
2.0mm thickness. 

2. With no insulator film. 

3. With silicon compound. 

















P;—Total Power Dissipation—W 














dT— Percentage of Rated Current—% 

















































































































































































































0 50 100 150 0 50 100 150 
Ta—Ambient Temperature—°C Tc—Case Temperature—°C 
SAFE OPERATING AREA THERMAL RESISTANCE vs. 
PULSE WIDTH 
20 - 100 
PW <10ms) on _— =f = 
Tecan MAX. (50 cycle 5026) Ht Tt eae 
eas id ! ty=0. 
10¢— cing) MAX & 30 at | ed 
a = itl 
: LAS, 3S oH rt T 
CA tpl Tal 
t ON SNe & Lt 
+ BNO 2 
o 2 ey OC £ 
. ne 3 = 
, oo 
2 ee, & a H Tt! i 
S van = 
g 4! et (ico 
8 “30 2 
| NOTE ae r 
Yo5 1. T= 28°C 2% es 4 
i 2. Cur t be derated ca e093 = 
iaeaiy. with Weisase of *iN= a ° Th 
temperature and duty cycle. % & tt 
i> 
0.2 0.1 
2 5 10 20 50 100 0.001 0.01 0.1 t 10 
Vee—Collector to Emitter Voltage—V PW—Pulse Width— ms 
288541 2SD388 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
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Ic —Coltector Current—A 











lc—Collector Current—A 


Ss. 
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Vce—Collector to Emitter Voltage—V Vce—Collector to Emitter Voltage—V 
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NEC tiectron evice 
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tr—Gain Bandwidth Product— MHz 


DC CURRENT GAIN, 
BASE TO EMITTER VOLTAGE vs. 


COLLECTOR CURRENT 











MMT) 
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Eh H 
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0.001 
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0.01 
lc—Collector Current—A 














GAIN BANDWIDTH PRODUCT vs, 


COLLE 


AMI 
NMI 


CTOR CURRENT 

















Baht i TA 
























































0.1 0.3 1 
lc—Collector Current—A 








Vexr—Base to Emitter Voltage—V 
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VeEtsa1)— Base Saturation Voitage—V 
Veeisa—Cotlector Saturation Voltage—V 


Cop — Output Capacitance— pF 





2SB541 /2SD388 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. 


COLLECTOR CURRENT 
10-—— 
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3 tf H Pie 


























0.03 
























































0.01 
0.001 0.01 0.1 0.3 1 


lc—Collector Current—A 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 

































































Vcp—Collector to Base Voltage--V 


NEC SILICON POWER TRANSISTORS 


ELECTRON DEVICE 2SB600/2SD555 


AUDIO FREQUENCY POWER AMPLIFIER 
PNP/NPN SILICON TRIPLE DIFFUSED TRANSISTORS 


DESCRIPTION 
PACKAGE DIMENSIONS 


fae a : The 2S8600/2SD555 are triple diffused high power transistors designed for use 
in millimeters (inches) ee 

in high power audio amplifier applications. 
$22.22MAX. 


(g0.874MAX. ) 













FEATURES 


9.5MAX, 
(0.38MAX.) 


a a 0.9 
(0.10) 


® Suitable for use in 200 to 300 watts complementary-symmetry audio amplifier. 
® High breakdown voltage VcEo = 200V 

® High current ratings Ic (pulse) = 15A 

@ Wide Safe Operating Area. 


1.028.953 


(40.04) 


11.5405 
(0.45) 


39.94MAX. 


R45 
(RO.18) 


ABSOLUTE MAXIMUM RATINGS 


26.66MAX. 
(1.049MAX. ) 











#4.040.15 2SB600 2SD555 
erase) Maximum Voltages and Currents (Ta=25 °C) 
; Coltector to Base Voltage VcBo —200 250 Vv 
oo Collector to Emitter Voltage VcEO —200 200 Vv 
cas Emitter to Base Voltage VEBO —5 5 Vv 
2. Emitter Collector Current Ic(DC) —10 10 A 
Ss eolecser ACars: Collector Current IC{pulse)* —15 15 A 
ee é Lda edrree Maximum Power Dissipation | 
1EC : C14A, B18 Total Power Dissipation PT (Tc =25°C) 200 Ww 
Maximum Temperatures 
Junction Temperature Tj 150 °C 
Storage Temperature Range Tstg —65 to +150 °c 
* PW S10 ms, duty cycle $ 50% 
ELECTRICAL CHARACTERISTICS (Ta = 25°C) 2SB600/2SD555 


CHARACTERISTIC SYMBOL . TYP. MAX. UNIT TEST CONDITIONS 
Collector Cutoff Current IcBo -50/50 nA Voce = -200/200V, Ie =0 
Emitter Cutoff Current lego -50/50 uA Ves = -3.0/3.0V, Ic = 0 
x0 Pree = 5.060, te = -s0780ma* 
Ae Gare Gan FE1 100/55 CE /S c = -50/50mA 


hFE2 40/40 70/70 200/200 VcE = -5.0/5.0V, Ic = -2.0/2.0A* 


Collector Saturation Voltage VCE (sat) -1.9/0.9 -3.0/3.0 Vv I¢ = -10/10A, Ip = -1.0/1.0A* 
Base Saturation Voltage VBE (sat) -2.3/1.6 -3.0/3.0 Vv I¢ = -10/10A, ip = -1.0/1.0A* 


Gain Bandwidth Product fT 14/15 Vce =-5.0/5.0V, ic =-0.2/0.2A 


Output Capacitance Cos 450/300 aan pF Vcp = -10/10V, Ig = 0, f = 1.0MHz 


*Pulse Test PW <350us, duty cycle s 2% 
hFeg2 Classification /S : 40-80, R : 60—120, @: 100—200 
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2SB600/2SD555 NEC tzectron vevice 


TYPICAL CHARACTERISTICS (Ta=25°C) 


TOTAL POWER DISSIPATION SAFE OPERATING AREAS 
vs. AMBIENT TEMPERATURE 



































































60 
NOTE 
1, Aluminum heat sink of 
50 1.0mm thickness. 
= 2. With no insulator film. 
| 3. With silicon Compound. 
§ 40 < 
8 « 
3 5 
QO 3 
: 30 3 
3 5 
a Oo 
= 
3g 20 3 : 
$ 3) NOTE 1. Ta=25°C 
7 Is 2. Curves mustbe derated ~\-¥ 
10 linearly with increase 
SSS in temperature and duty 
pega LS cycle 
9 100 = 3 


Ta—Ambient Temperature— ‘TC Vce—Collector to Emitter Voltage—V 


DERATING CURVES OF SAFE ‘ 
OPERATING AREAS TRANSIENT THERMAL RESISTANCE 

















ARin — Thermal Resistance—°C /W 

















dT—Percentage of Rated Current—% 














0.001 0.01 1 10 
Tc—Case Temperature—°C PW—Pulse Widths 
2SB600 2SD555 
COLLECTOR CURRENT v: COLLECTOR CURRENT v: 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 





\¢—Collector Current—A 
Ic— Collector Current—A 





Vce—Collector to Emitter Voltage—V Vce—Collector to Emitter Voltage—V 


NEC tzectnon vevice 2SB600/2SD555 


DC CURRENT GAIN AND BASE TO EMITTER BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT VOLTAGE vs. COLLECTOR CURRENT 









aul) 
+ batt 2.0 





hre—DC Current Gain 


Vpx—Base to Emitter Voltage—V 












VaEtsaty— Base Saturation Voltage—V 
Vertsaty— Collector Saturation Voltage—V 

















1 0.1 
0.01 10 
|c¢—Collector Current—A lc—Collector Current—A 
OUTPUT CAPACITANCE vs 
GAIN BANDWIDTH PRODUCT ws. 
CSLccoroa CURRENT oi COLLECTOR TO BASE VOLTAGE 


H Vce=5.0V 
Forced air 


t— 
cooling 
oe tt 14 Sern Fac 
ia ee LAZU BBall 


| =o 
oe Se A 
— <. 

1 







ee oe 


fr—Gain Bandwidth Product ~- MHz 
Cop— Output Capacitance—pF 





2ot-— 


10 Att tH 


1000 





\c—Collector Current—A Vcp~—Collector to Base Voltage—V 


NEC 


ELECTRON DEVICE 


SILICON POWER TRANSISTORS 


2SB628 /2SD608 


AUDIO FREQUENCY POWER AMPLIFIER AND LOW SPEED SWITCHING 
PNP/NPN SILICON EPITAXIAL TRANSISTOR 


PACKAGE DIMENSIONS 


in millimeters (inches) 


4.82MAX. 
10.66MAX. (0.19MAX.) 






15.87MAX. 
(0.625MAX.) 


12. 70MIN. 
(0.50MIN.) 





DESCRIPTION 
The 2SB628/2SD608 are PNP/NPN_ silicon transistors suited 
for audio-output use. 
FEATURES 
@ Suitable for use in the driver stage of 100 to 150 watts Hi-Fi amplifier. 
@ High break-down voltage. 
@ High gain bandwidth product. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Voitages and Currents (Ta=25°C) 2SB628 2SD608 
Collector to Base Voltage VcBo 





10,0313 Vv 
2,542.54 2.8 79:12 73 
10.1'0.1) oat Collector to Emitter Voltage VcEO Vv 
Emitter to Base Voltage VeBo Vv 
Collector Current (DC) Ic(oc) A 
are Collector Current (pulse) Ic(pulse)* —3.0 3.0 A 
2. Collector (Fin) Base C t(DC I fe Sy 
3. Emitter urrent (DC) B(DC) 0.3 0.3 A 
aris Maximum Power Dissipations 
Total Power Dissipation 
at 25°C Case Temperature P+(Tc=25°C) 20 20 w 
at 25°C Ambient Temperature P7(Ta=25°C) 1.5 15 Ww 
Maximum Temperatures 
Junction Temperature Tj 150 150 26 
Storage Temperature Tstg —55 to +150)/—55 to +150 °c 
* PW <10ms, duty cycle = 50% 
ELECTRICAL CHARACTERISTICS (Ta = 25°C) 2SB628/2SD608 


Collector Cutoff Current 


CHARACTERISTIC SYMBOL 


Emitter Cutoff Current 


MIN. TYP. MAX. UNIT TEST CONDITIONS 


—1.0/1.0 Vop = 120V, Ig =0 


A 
uA VB =3.0V, Ic=0 





DC Current Gain 


VceE =5.0V, Ic =5.0mA* 





DC Current Gain 





*Pulse Test /PW $350 us, duty cycle $2% 
hre rank (heeg) /S : 40~80, R : 60~ 120, 0: 100 ~ 200 








Vce =5.0V, Ic =0.3A* 

Ic =1.0A, Ip =0.1A* 

1c =1.0A, Ip =0.1A* 

Vce =5.0V, Ic =0.1A 

Vcp = 10V, Ie =0, f =1.0MHz 
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2SB628 /2SD608 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


_ 
i) 









NOTE 


1. Atuminum heat sink of 
4 2.0mm thickness. 

2. With no insulator | 
3. With silicon compound. 





_ 
o 














P-+—Total Power Dissipation -W 

















0 50 100 150 


Ta~—Ambient Temperature ~ °C 


THERMAL RESISTANCE vs. PULSE WIDTH 


Vce=20V 
Ic=1.0A 
duty = 0.001 
























































ARth — Thermal Resistance — °C/W 
























































0.1 0.3 1 3 10. 30 
PW- Pulse Width —sec 


2SB628 
COLLECTOR CURRENT vs, 
COLLECTOR TO EMITTER VOLTAGE 


Ta=25°C 
Pulse Test 




















{-Collector Current-—A 



































0 10 20 30 40 50 





Vcr ~ Collector to Emitter Voltage — V 
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le — Collector Current A dT —Percentage of Rated Current—% 


i¢ —Collector Current -A 








N. i x Cc ELECTRON DEVICE 


DERATING CURVES FOR ALL TYPES 









































0 50 100 150 


Tc—Case Temperature ~ °C 


SAFE OPERATING AREAS 








EEE 
= PWsl10 
Tecputse» MAX. (duty cycle 50%) oT 
TINA 
ENON 

















2.Curves must be derated 
linearly with increase of 
temperature and duty cycle. 


1 3 6 10 30 60 100 200 


Vce—Collector to Emitter Voltage —V 


2S D608 
COLLECTOR CURRENT vs, 
COLLECTOR TO EMITTER VOLTAGE 
























































1.0 
Ta=25°C 
0 | a Pulse Test 
0.8 7 a) er ee | 
| | | ! 
i in oes ie 
0.6 bed 
6 f | 
+ -}— 
masa 
0.4 t i T 
3-— 
0.2 r 4 } {—— 2 
| Inp=1mA 
i | i ! | 
0 10 20 30 40 50 


Vce—Collector to Emitter Voltage -V 


NEC 


he 


f+—Gain Bandwidth Product — MHz 


t—DC Current Gain 


ELECTRON DEVICE 


OC CURRENT GAIN AND 
BASE TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 





ce=5.0V 
ulse Test 











































































































0.01 0.08 0.1 03 1 3 


lc Collector Current —A 


GAIN BANDWIDTH PRODUCT vs, 
COLLECTOR CURRENT 


| Vor=$.0V 

| Forced aiv 
cooling 

(with heat sink) 






























































0.06 0.1 


0.3 40.6 1 


{¢—Collector Current—A 





Ve Base to Emitter Voltage —V 
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SSS 


VcK(savn ~ Collector Saturation Voltage — V 
Vercsat) —Base Saturation Voltage —V 


0.01 


“0.001 0.003 0.01 0.03 0.1 


Con Output Capacitance — pF 


25B628 /ZSD608 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs, 
COLLECTOR CURRENT 













































































































































0.3061 3 


lc Collector Current—A 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 

































































6 10 30 


Vcz— Collector to Base Voltage —V 


60 100 200 


SILICON POWER TRANSISTORS 


2$SB772/2SD882 


\UDIO FREQUENCY POWER AMPLIFIER AND LOW SPEED SWITCHING 
PNP/NPN SILICON EPITAXIAL TRANSISTOR 


NEC 


ELECTRON DEVICE 


DESCRIPTION 


The 2SB772/2SD882 are PNP/NPN silicon transistors suited for the output stage of 
3 watts audio amplifier, voltage regulator, DC-DC converter and relay driver. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


8.5MAX. 
(0.334MAX.) 


$3.2 =] ¢0.126) 


2.8MAX. 


FEATURES (0.110MAX.) 


® Low saturation voltage. —> VcE(sat) < 0.5V (at lc =2A, Ip =0.2A) 
®@ Excellent hee linearity and high hee. 
— > hee : 60 — 400 (at Vege =2V, Ic = 1A) 
@ Less cramping space required due to small and thin package and reducing. 
the trouble for attachment to a radiator. 






38402 
(0.149) 





(0.472MAX.) 














—— No insulator bushing required 12 ee 
(0.047) z 
ABSOLUTE MAXIMUM RATINGS a 0.55 +2-08 
2SB772 2SD882 2 (0.001) 
Maximum Voltages and Currents (Ta= 25°C) s 
Collector to Base Voltage VcBo -40 40 Vv 08 +998 
Collector to Emitter Voltage VcCEO -30 30 V (0.0319. (0.047) 
Emitter to Base Voltage VEBO -5.0 5.0 Vv 23°23 
Collector Current (DC) ic(p¢c) -3.0 3.0 A (0.090) (0.090) 
Collector Current (pulse) 1C(pulse)* -7.0 7.0 A 
Base Current (DC) 'B(DC) -0.6 0.6 A 
Maximum Power Dissipations 1. Emitter 
Total Power Dissipation 2. ceurapae ee to 
at 25°C Case Temperature PT (Tc =25°C) 10 10 Ww 3. Base 
at 25°C Ambient Temperature PT (Ta = 25°C) 1.0 1.0 Ww 
Maximum Temperatures 
Junction Temperature Tj 150 150 °c 
Storage Temperature Range Tstg -55 to +150 | -55to+150 °C 
*PW 310ms, duty cycle = 50% 
ELECTRICAL CHARACTERISTICS (Ta= 25°C) 2SB772/2SD882 







CHARACTERISTIC 


Collector Cutoff Current 


Emitter Cutoff Current 
DC Current Gain 





SYMBOL MIN. TYP. 


ICBO 


hFE1 


30 220/150 






MAX. 
- 1.0/1.0 
-1.0/1.0 





UNIT TEST CONDITIONS 
uA Vcp=390V, le =0 
wA Veg =3.0V, Ic =0 


VcE =2.0V, I¢ = 20mA* 





















VcE = 2.0V, Ic =1.0A* 


Vv IC =2.0A, Ip =0.2A* 
Vv Ic =2.0A, Ig =0.2A* 

























*Pulse Test PW S 350us, duty cycle S 2% 
hFEDQ Classification / R : 60-120 Q: 100-200 P: 160 —320 E : 200 — 400 








1A2 


DC Current Gain hFE2 60 sie io 400 
Collector Saturation Voltage VCE (sat) -0.3/0.3 -0.5/0.5 
Base Saturation Voltage VBE (sat) - 1.0/1.0 -2.0/2.0 
Gain Bandwidth Product fr 80/90 





MHz VcE =5.0V, 1¢ =0.1A 
Vcp = 10V, te =0, f= 1.0MHz 






2SB772/2SD882 


TYPICAL CHARACTERISTICS (Ta= 25°C) 


ARth~ Thermal Resistance —°C /W P+—Total Power Dissipation—W 


\¢—Collector Current—A 





TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


NOTE 1. Aluminum heat sink of 
1.0mm thickness. 

2. With no insulator film. 

3. With silicon compound. 

















Ta—Ambient Temperature —°C 


THERMAL RESISTANCE vs. 
PULSE WIDTH 











30 100 











a 
1 3 























10 


300 


1000 
PW—Pulse Width —ms 


2SB772 COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


Pulse Test 











Ny 
\!\ V\ 
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hu 








Voge —Collector to Emitter Voltage—V 
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dT —Percentage of Rated Current —% 


\¢—Collector Current —A 


\¢—Collector Current —A 


AYA A! I 
UT AAA 


AAA 
UL 


NEC ezectron oevice 


DERATING CURVES FOR ALL TYPES 



































0 50 100 
Te—Case Temperature —°C 


150 


SAFE OPERATING AREA 


PWS 10m: 
MAX. (ae 2Oms, << 5096) 














NOTE 1. Tc=25°C 
2. Curves must be derated 
linearly with increase of 
temperature and duty cycle. 














1 3 6 10 30 60 


Voge —Collector to Emitter Voltage—V 


2SD882 COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


2.0 








1.6 





















0.4 


= Ss a ee 
ne ee ee ee 
4 8 12 16 


VcE —Collector to Emitter Voltage—V 




















NEC tcectron vevice 


hee —DC Current Gain 


ft--Gain Bandwidth Product —MHz 


DC CURRENT GAIN, 
BASE TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 








































































































0.001 0.003 001 003 01 03 21 ° 3 210 


Ic —Coliector Current—A 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


VcE =5.0V 
Forced air 
cooling 

(with heat sink) 
























































\o~—Collector Current —A 


Viz —Base to Emitter Voltage —V 


2SB772/2SD882 


BASE AND COLLECTOR SATURATION 


Ic=10-lg 
Hi Pulse Test 


VOLTAGE vs. 
COLLECTOR CURRENT 

















VBE (sat) —Base Saturation Voltage —V 
YoE(sat) ~ Collector Saturation Voltage—V 



































0.001 0.003 001 003 O1 03 1 3 10 
I¢—Collector Current—A 


INPUT AND OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 


f = 1.0MHz 


w 
3 





Cip —Input Capacitance — pF 
Cop—Output Capacitance —pF 








Vcg—Collector to Base Voltage —V 
Veg —Emitter to Base Voltage—V 


4AB 


NEC SILICON POWER TRANSISTOR 
ELECTRON DEVICE 2 S Cc 9 4 O 


B/W TV HORIZONTAL DEFLECTION OUTPUT 
NPN SILICON EPITAXIAL MESA TRANSISTOR 


PACKAGE DIMENSIONS 





in millimeters (inches) a @ Suitable for Horizontal deflection OUTPUT application of 
2 >< 
$22.22MAX. 2s 14” B/W TV Receivers. 
(40.874MAX. ) 8 3 . 5 
OS ) @ Wide Safe operating Area. 
=F 
on 
a3 
2 
rh 
ag 
40.13MAX. 
(1.58MAX.) 







ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


23g Collector to Base Voltage Vcgo 200 Vv 
== ; 
Ss 
$4040.15 x8 Collector to Emitter Voltage Voces 200 Vv 
(0.157) = Collector to Emitter Voltage VcEo 90 Vv 
Emitter to Base Voltage Veso 7.0 Vv 
p2E03 Continuous Collector Current Ic(pc) 75 A 
1.189 
1. Base Peak Collector Current IC (pulse) * 15 A 
2. Emitter — ; 
3. Collector (Case) Total Power Dissipation Pr 50 W 
EIAS : TC-3, TB-3 Junction Temperature Tj 150 °C 
ie hae Storage Temperature Tstg -65 to +150 °C 


*Peak current on high Tension discharge 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 

CHARACTERISTIC SYMBOL TYP. MAX. UNIT 
Collector Cutoff Current IcBO 2.0 | ma | 
DC Current Gain hee | 15 | 40 70 | 
Collector Saturation Voltage VCE (sat) Se 


*Pulse condition PW = 350us. duty cycle = 2% 






CONDITIONS 
Vcp = 90V, le =0 
Vce = 5V, Ic = 5A* 
Ic = 5A, Ip =0.5A* 
































Ic =5.0A, 1g1 =0.6A/see test circuit. 
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2SC940 NEC ttectron oevice 


TYPICAL CHARACTERISTICS (Ta=25°C) 


COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
TOTAL POWER DISSIPATION COLLECTOR TO EMITTER COLLECTOR TO EMITTER 
vs. AMBIENT TEMPERATURE VOLTAGE VOLTAGE 


Heat-sink 
Cu plate 
1.5mm thickness 


























Ic —Coliector Current—A 





{c—Collector Current—mA 




















Z 
Y 
Z 
LO 
ae 


Pt TT TAUAAAW 


P+—Total Power Dissipation—W 





0 20 40 60 80 100 


Ta—Ambient Temperature —°C Vce—Collector to Emitter Voltage —V Vce—Collector to Emitter Voltage--V 





COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR 
DC CURRENT GAIN vs. COLLECTOR CURRENT CURRENT 









Ic= 10° lp 
Pulsed 


























hee —DC Current Gain 

































































Vcersat) —Collector Saturation Voltage —V 





01 
0.05 0.1 0.2 0.1 0.20305 1 23 5 10 


le-~Collector Current—A lc-Collector Current—A 


BASE SATURATION 


VOLTAGE vs. : ' . 
COLLECTOR CURRENT Fall Time Test Circuit ASO on High Tension discharge 





\op= 5A 








5Q 





iA 





PW= 40us 
duty cycle 5% V 

BB 

=—5V 











Icp—Peak Collector Current—A 








Vcp—Peak Collector Voltage —V 























Veeisat) -Base Saturation Voltage—V 


0.1 0.20305 1 23 5 10 


Ic—-Collector Current—A 
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NEC 


ELECTRON DEVICE 


SILICON POWER TRANSISTOR 


2SC1325A 


HORIZONTAL DEFLECTION OUTPUT FOR COLOR TV 
NPN SILICON TRIPLE DIFFUSED MESA TRANSISTOR 


PACKAGE DIMENSIONS (Unit : 


$25MAX. 








30.2+0.2 


1. Base 

2, Emitter 

3. Collector connected to case 
EIAJ  : TC-3, TB-3 

JEDEC : TO-204MA (TO-3) 
IEC : C14A, B18 


ELECTRICAL CHARACTERISTICS (Ta = 


CHARACTERISTIC 





Collector Cutoff Current 





Emitter Cutoff Current 


DC Current Gain 


Base Saturation Voitage 


mm) 


11.5+0.5 9.5MAX. 


27.17MAX 





© Suitable for horizontal deflection output applications of 20”, 


110°color TV receivers. 
@ High breakdown voltage 
@ Excellent t¢ vs. Ta curve 


@ Wide safe operating area 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Collector to Base Voltage 
Collector to Emitter Voltage 
Emitter to Base Voltage 
Collector Current 

Collector Current (pulse) 
Total Power Dissipation 
Junction Temperature 


Storage Temperature 


25°C) 


Vcgo 1500 V 
VcEO 600 V 
VEBO 6.0 V 

le (pc) 6.0 A 

Ic (pulse) 15 A 

PT (Tec = 25°C) 80 Ww 
Tj 150 °C 

Tstg -65 to +150 i 


UNIT TEST CONDITIONS 


Veg = 1000V, Ie = 0 





Vep = 5.0V, Ic = 0 
Vce = 15V, Ic = 1.0A 
Voce = 15V, Ic = 5.0A 
Ic = 5.0A, Ig = 1.2A 








Fall Time 





Storage Time 








Ic = 5.0A, Ig = 1.2A 





Ic = 5.0A, Igy = 1.0A, 
Iga = -1.0A 
See Application Circuit. 
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Ic = 5.0A, !B1 = 1.0A, 
Ig2 = —1.0A 
See Application Circuit. 


* Pulsed 


2SC1325A NEC ttectron vevice 


TYPICAL CHARACTERISTICS (Ta = 25°C) 

































































































































































TOTAL POWER DISSIPATION vs, COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 
7 
B t 
a 3 
& - 
FS 2 
a 8 
8g 8 
i I 
| LY 
6 
a 
0 ~~ 50 100 150 200 
Ta—Ambient Temperature — T 2 of os sis ie af 
Voe—Collector to Emitter Voltage —V 
COLLECTOR CURRENT vs. COLLECTOR SATURATION VOLTAGE vs. 
COLLECTOR TO EMITTER VOLTAGE BASE CURRENT 
100 1 eT 
> er 
| FPR 
8 s_| | IAT 
< 80 = ee ey 
E > 
| < 
z 2 
© 60 ® 5 
: 4 
= ”o 
£ S 
3 40 g 1 
3 2 
3 3 
| oO 
2 | 0.5 
20 3 
8 
> 
0 0.2 
100 200 300 400 500 0 04 08 12 16 2.0 
Voe—Collector to Emitter Voltage —V ig— Base Current—A 
OC CURRENT GAIN vs. FALL AND STORAGE TIME vs. 
COLLECTOR CURRENT AMBIENT TEMPERATURE 
50 
g 
S 20 Q 
xt o 
i . 
Cc 
£ £ @ 
5 10 i= 2 
x 3 2 
a 5 T is 
\, Me i, 
<= 
2 
0 0 
0.01 0.02 0.0801 02 05 1 2 5 10 20 40 60 80 100 
I,—Collector Current—A Ta—Ambient Temperature — T 
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N E Cc ELECTRON DEVICE 


SAFE OPERATING AREA 



































































+ + f=15.75kHz 
16 |-(250V, 15A)]-7 7 Tt 

<x 
L 
3 12 
5 
oO 
s 
9 8 
Ss 
Oo 
{ 
2 

4 

+ 4. 
(750V, 5mA) 
0 500 1000 500 2000 


Voge —Collector to Emitter Voltage —V 


TYPICAL APPLICATION FOR HORIZONTAL OUTPUT OF COLOR TV 


7.5Vp—p 


| Synch. Sep. Qut. 
5.6k 1000p 


cog tt Video 
From FBT 
Nee lw | ku 





500p 


120k TL oe 


Hepp 10k |3.3k 





TAT 1 2801507 
2S$C1520 






1.5k 0.0lu 






5uH 


aes 


ODrive Transformer 
L, =25mH 2.4Q 
(0.264, 130T ) 
n,/n,=16 


150 


2S8C1325A 


ie 


D.Y 


47 @ 


0.684 


0.0174 


810k 
0.024 





i 





2SC1325A 


120V 


High Tension Rectifier 


Current Limiter Circuit 


NEC SILICON POWER TRANSISTOR 
ELECTRON DEVICE 2 S Cc 1 353 


HORIZONTAL DEFLECTION OUTPUT FOR COLOR TV 
NPN SILICON TRIPLE DIFFUSED MESA TRANSISTOR 


PACKAGE DIMENSIONS (unit : mm) 


$22.22MAX. 









® Suitable for Horizontal Deflection Output Applications of 20”, 
90° Color TV Receivers. 


@ High Breakdown Voltage. 


2.5 





® Excellent ts vs. Ta Curve. 


@ Wide Safe Operating Area. 


11.5+0.5 9.5MAX. 















R4.5 . 
as ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 
= 
% Collector to Base Voltage Vcso 1400 Vv 
$4.0+0.15 . Collector to Emitter Voltage VcEo 500 V 
Emitter to Base Voltage VeBO 6.0 Vv 
Continuous Collector Current Ie (DC) 45 A 
Peak Collector Current lo (pulse) 10 A 
1. Base Total Power Dissipation PT (Tc =25°C) 50 Ww 
2. Emitter : 
3. Collector connected to case Junction Temperature Tj 150 °C 
EIAJ : TC-3, TB-3 Storage Temperature T stg - 65 to +150 °C 
JEDEC : TO-204MA (TO-3) 
1EC =: C14A, B18 


ELECTRICAL CHARACTERISTICS (Ta =25°C) 


CHARACTERISTIC SYMBOL j . . TEST CONDITIONS 








Collector Cutoff Current IcBo Vcp =1000V, Ig =0 








Emitter Cutoff Current lEBO Vep =5.0V, Ic =0 
heey VcE =15V, Ic =0.5A * 
hFEQ VceE =15V, IC =3.0A * 














DC Current Gain 

















Collector Saturation Voltage VCE(sat) : 1c =4.0A, !p =0.8A * 
uate Pee 











Base Saturation Voltage VBE(sat) : 5 . Ic =4.0A, Ig =0.8A 7 
Ic =4.0A, Ipq =1.0A, 
Fall Time tf : Ipq =-1.0A 

See Application Circuit 
Ic =4.0A, |gq =1.0A, 
Storage Time , lpg =-1.0A 

See Application Circuit 


























* Pulsed PW S350us, duty cycle<$2% 
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28SC1358 NEG ELectRon DEVICE 


TYPICAL CHARACTERISTICS (Ta=25°C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 








Nene 








WA 


ink 
[ERED tasers 


50 100 150 200 


P1+—Total Power Dissipation—W 





< 
| 
Pa 
Cc 
o 
£ 
£ 
=] 
re) 
—_ 
° 
Ss 
oO 
x 
[o) 
ro) 
| 
a) 


Pad 
fe) 
a 
eal 
fi 
a 
yy, 
i; 


Without Heat 3 sy 
aa eee 


CE TI 


oO 
lt 


ANN 


Ta—Ambient Temperature — °C 





0.4 0.8 1.2 1.6 2.0 


COLLECTOR CURRENT vs. Vce—Collector to Emitter Voltage—V 
COLLECTOR TO EMITTER VOLTAGE 


COLLECTOR SATURATION VOLTAGE 
vs. BASE CURRENT 






















< 














lc—Collector Current—mA 














a EC GP, | EERE SCORED Cd A 
LSS Cel EE a CP CS 
0.7 PA A OT T74 
o = he es 
0.5 ae 
tg=0.5mA i Ea 








Vce(sat)—Collector Saturation Voltage—V 























mame 


; 0.2 
0 100 200 300 400 500 
Vce—Collector to Emitter Voltage—V 0.1 
0 0.4 0.8 1,2 1.6 2.0 
lg—Base Current—A 
DC CURRENT GAIN vs. FALL AND STORAGE TIME vs. 


AMBIENT TEMPERATURE 


c=4.0A 
'g1= —la2=1.0A 
f= 15.75kHz 





hee—DC Current Gain 











t+—Fall Time— ys 
ts—Storage Time— ys 


0.01 0.02 0.050.1 0.2 05 1 2 5 10 
lc—Collector Current—A 

















20 40 60 80 100 
Ta—Ambient Temperature—°C 
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NEG etectron pevice 2SC1358 


FALL AND STORAGE TIME 


vs. DRIVE CURRENT SAFE OPERATING AREA 
















































































lei — —lee= 1.0A 

_- f=15.75kHz < 
0.8 - 
. 2 
i i S 
» 0.6 E s 
_ 2 8 
S s 8 
u 0.4 8 
| = ES 

3 fl 

is fed 
fa Vce—Collector to Emitter Voltage—V 
0 
0.4 0.8 1.2 1.6 


lgi—Drive Current—A 


TYPICAL APPLICATION for HORIZONTAL OUTPUT of COLOR TV 








7.5Vp.p 
| Synch. Sep. Out. 
5.6kQ 1000p 3.3 
kQ 110V 
pal 
SE sais 
Composite Video 1210 1kQ 
kQ 
From FBT 146 a 3.3k}Q ee A7u. i Y a7 
? mi . . 
POOP Oly 1.5kQ11 O16 bo 68 een 
—— O 28C1358 seca 
pa vn. 
a@ er 
=e cat vas 





i 


Current Limiter 
Circuit 


O 2S8C1358 ts Test Condition 


OOSC Conditions O 28C1507 ODrive Transformer 
PW=25us "  28€1520 Li=25mH 2.40(0.26¢ 130t) 
f=15.75kHz Jai=5mA ni/n2=16 

lpoa= —4.5mA 
Ic=100mA 
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NEC 


ELECTRON DEVICE 





SILICON POWER TRANSISTOR 


2SC1449 


AF POWER AMPLIFIER AND RF POWER AMPLIFIER 
NPN SILICON EPITAXIAL TRANSISTOR 


DESCRIPTION 


The 2SC1449 is an NPN general 
power amplifiers. 


PACKAGE DIMENSIONS 
in millimeters (inches) 


8.5MAX. 
(0.334MAX.) 


$3.2 + 0.2 (40.126) 


2.8 MAX. 
(0.110MAX.) 







; 


38402 
(0.149) 


12.0MAX: 
(0.472MAX.) 






0.55 2298 


(0.512MIN) 





(0.031) 
23 
( 


23]2: 
(0.090) | (0.090) 


Bz ioe 


1. Emitter 
2. Collector connected to mounting plane 
3. Base 








purpose transistor designed for use in audio and radio frequency 


FEATURES 
@ Suitable for use in output stage of 3-watt audio amplifiers. 
@ High current: Ic: 2.0A, Ic (pulse): 3.0A 
@ The smallest package in 3 watt class power transistor. 
ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Currents (Ta=25°C) 


Collector to Base Voltage VcBo 40 Vv 
Collector to Emitter Voltage VcEO 35 Vv 
Emitter to Base Voltage VEBO 5.0 V 
Collector Current (DC) Io 2.0 A 
Collector Current (pulse) Ic (pulse)* 3.0 A 
Maximum Power Dissipations 
Total Power Dissipation Pr 1.0 Ww 
Total Power Dissipation 
(at 25°C case temperature) Pr 10 W 
Maximum Temperatures 
Storage Temperature Tstg —55to +150 °C 
150 °C 


Operating Junction Temperature Tj 


*Pulse condition : pulse widthS10ms, duty cycle $50%. 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 











CHARACTERISTIC SYMBOL 
Collector Cutoff Current 


TEST CONDITIONS 









DC Current Gain 





Emitter Cutoff Current leBo 
nFE 


0.5 U 
05 lu 
250 






VoE =2.0V, lo=300mA * 

















Collector Saturation Voltage VocE (sat) 
Base Saturation Voltage VBE (sat) 
Gain Bandwidth Product | ft 






















Voce =5.0V, lo=100mA 









Output Capacitance 












A 
F 


Tain | FP. 
am 
lc =500mA, Ip=5OmA * 





* Pulse test: pulse widthS350us, duty cycle<2%. 
hre Classification: N; 40—80, M; 60—120, L; 80—160, K; 120—250. 
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28C1449 NEC trectron vevice 


TYPICAL CHARACTERISTICS (Ta=25°C unless otherwise noted) 


TOTAL. POWER DISSIPATION vs. DERATING CURVE OF SAFE 
AMBIENT TEMPERATURE OPERATING AREAS 


Note: 

1. Aluminum heat sink of 
1.0mm thickness. 

2. With no isulator film. 

3. Within silicon compound. 


























P+—Total Power Dissipation—W 





dT —Percentage of Rated Current—% 























0 50 100 150 
Ta—Ambient Temperature —°C Tc—Case Temperature —°C 
SAFE OPERATING AREAS TRANSIENT THERMAL RESISTANCE 









Voe=20V 
Ic=0.5A 
duty=0.001 











in 
1c (putse) MAX. (Gee ) 


duty cycle =50% ET ETT | 
anAlll 














l¢—Collector Current—A 





Note: 1. Te=25°C 
2. Curves must be derated linearly 
with increase of temperature 
and duty cycle. 








ARth—Thermal Resistance —°C/W 















































‘of 03. «1 3 10. 30 ~ + +100 
Vce —Collector to Emitter Voltage—V PW—Pulse Width—ms 
DC CURRENT GAIN AND BASE TO 
COLLECTOR CURRENT vs, EMITTER VOLTAGE vs, COLLECTOR 
COLLECTOR TO EMITTER VOLTAGE CURRENT 
2 
a VoE=2.0V 
4 ao Pulse Test I at To=25°C 
3 
| ew nll 
i | § ill i 
: é = 2 
é 1.2 y 5 S 
: 3 5 
3 : E 
& 08 o 2 
2 . 
7 ea 
04 | 
a 
> 

















Voce —Collector to Emitter Voltage —V l¢ —Collector Current—A 
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NEC tiectron vevice 25C144y 


Vee (sat) Base Saturation Voltage—V 


Voce (sat)—Collector Saturation Voltage —V 


Cob—Output Capacitance — pF 













































































































BASE AND COLLECTOR SATURATION GAIN BANDWIDTH PRODUCT vs. 
VOLTAGE vs, COLLECTOR CURRENT COLLECTOR CURRENT 
SEEHHH lo=10-le 
a 
g 
a 
= 3 
Vee 2 
4 P at CLP 
ant Pa, Ce 
ae l I E Eee 
Ser i Hi s ———aeeses 
Ht ee 2b 
ill pos eS 
Il ; CI Pc CTT 
"0.001 0.003 001 003 01 03. #17 °° «38 «10 0.01 0.03 10 
le —Collector Current—A Ee Current—A 


OUTPUT CAPACITANCE vs, 
COLLECTOR TO BASE VOLTAGE 


1 00 EET SRE CARREY ET OT AT 2 AE A A CE 
= 





















Vcpa—Collector to Base Voltage—V 
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NEC SILICON TRANSISTORS 
a 2S$C1505,2SC1506,2SC1507 


NPN SILICON TRIPLE DIFFUSED TRANSISTORS 
COLOR TV CHROMA AND SOUND OUTPUT AMPLIFIERS 


DESCRIPTION 


The 2SC1505, 2SC1506 and 2SC1507 are high voltage triple diffused silicon transistors. 
These transistors are designed for use in line-operated color TV chroma output circuits and sound output 
circuits. 





Three types of different lead configuration are prepared for designer’s convenience. 


FEATURES 


@ Suitable for chroma output circuits and sound output circuits (Po=1.5W) in line-operated color TV 
receivers. 

@High voltage, high fr and low Cob. 

@ Three types of different lead configuration available. 


2S501505..... Standard type 
2501506 ..... TO-66 replacement 
2SC1507..... Upright mounting 


ABSOLUTE MAXIMUM RATINGS (Ta=25TC) 


Collector to Base Voltage Voso 300 Vv 
Collector to Emitter Voltage Voeo 300 V 
Emitter to Base Voltage VeBo 7.0 V 
Collector Current lo 200 mA 
Total Power Dissipation P7(Tc=25°C) 15 Ww 
Total Power Dissipation P+(Ta=25°C) 1.2 W 
Junction Temperature Tj 150 °C 
Storage Temperature Tstg —55 to +150 C 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


CHARACTERISTIC SYMBOL F , , TEST CONDITIONS 
a 








Collector Cutoff Current lopo Vog =200V, lE=0 





Emitter Cutoff Current l EBo Ves =5.0V, lc=0 





DC Current Gain hee Voe=10V, lc=10mA * 





Collector Saturation Voltage Voe(sat) ; ic =50mA, lp=5.0mA * 
_— | 
Gain Bandwdth Product fr Vce=30V, lE=—10mA 








Collector to Base Capacitance Cob , Vcp =50V, le=0, f=1.0MHz 























* Pulse test PWS 350us, duty cycle S 20% 
hre classification /M:40—-80 L:60—120 K:100—200 
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2SC1505,2SC1506,2SC1507 NEC trecreon vevice 


PACKAGE DIMENSIONS (Unit:mm) 


28C1505 2801506 28C1507 
4.82MAX. 





4.82MAX. 
10.66MAX. 45 g49,9 1, S2MAX. 10.66MAX. = se 
6+0, 25 , 1,340.2 


1,340.2 $3.6+0.2 









aK 
=| ss 

iS) 
Boe 


1.2 
0.5+0.2 








[5.08] 











2.54 : 2.82038 














MOUNTING HOLE LAYOUT DIMENSIONS 





LEAD CONNECTION 


1. Base EIAJ :SC-46 1. Base EIAJ :SC-45 1. Base EIAJ :— 
2. Collector(Fin) JEDEC:TO-220AB 2. - JEDEC:TO-220AA 2. Collector(Fin) JEDEC:— 
3. Emitter IEC :— 3. Emitter IEG: 3. Emitter IEG :— 
4. Fin 4. Collector (Fin) 4. Fin 
As the clearance between collector and As the collector lead is cut, solder lug Convenient in case of free-air use. 
Base, Emitter is narrow, care should be is used instead of it. 


taken at high voltage use. 


SUGGESTED MOUNTING METHODS 


Insulator 







Heat Sink 






— 


Insulating Bushing } 
Lock Washer Solder Lug : 


P.C.B. 
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NEC ciectron nevice 2$C1505,2SC1506,2SC1507 


POWER-TEMPERATURE DERATING CURVES 




















































































TOTAL POWER DISSIPATION vs. TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 
Aluminum Heat Sink of i _| Free Air 
2.0 mm _ thickness. 1.2 
eS 
54 
E a K 
a 3 
3 B 08 : 
a a 
5 5 
3 3 06 
zB Ss 
FE © 04 
| 
a & 02 
eee 
0 50 100 150 200 2 50 100 180 200 
Ta ~ Ambient Temperature — °C Ta — Ambient Temperature —-C 


TYPICAL CHARACTERISTICS (Ta=25°C) 


COLLECTOR CURRENT vs. COLLECTOR CURRENT v 
BASE TO EMITTER VOLTAGE COLLECTOR TO EMITTER SB} 





\: 









































lc — Collector Current — mA 
lc — Collector Current — mA 











BERANE 
Pt ANAS 
J] tT AAAS 


LT AS 
Ree ON 





%2 04 06 08 1.0 0 2 4 6 8 2 14 16 
Vee — Base to Emitter Voltage — V Voe — Collector to Emitter Voltage — V 
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28C1505,2SC1506,2SC1507 NEC crectron oevice 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





le — Collector Current — mA 








Voce — Collector to Emitter Voltage — V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 









































» hee — DC Current Gain 





























!c— Collector Current — mA 
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NEC crectron nevice 2S8C1505,28SC1506,2SC1507 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 





























Vce(sat) — Collector Saturation Voltage — V 








V ge(sat) — Base Saturation Voltage — V 
































Ic — Collector Current — mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 






































Cob — Collector to Base Capacitance — pF 





























Vog — Collector to Base Voltage —V 
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2$C1505,28SC1506,2SC1507 NEC recteon vevice 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 














PRA 
men 
bl 





ft — Gain Bandwidth Product — MHz 














Gat ee ee a ee es ee ee 





oe eee 











10 —20 —30 —50 — 100 —200 


| 
a 
\ 


le — Emitter Current — mA 
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NEC SILICON TRANSISTORS 
ie 2S$C1520,2SC1521 


COLOR TV CHROMA AND VIDEO OUTPUT AMPLIFIERS 
NPN SILICON TRIPLE DIFFUSED TRANSISTOR 


DESCRIPTION 


The 2SC1520 and 2SC1521 are high voltage triple diffused silicon transistors. | These transistors 
are designed for use in line-operated color TV chroma output circuits and video output circuits. 
Two types of different lead configuration are prepared for designer's convenience. 


FEATURES 


@ Suitable for chroma output circuits and video output circuits in line-operated color TV receivers. 
@ High voltage, high fT and low Cob. 
@ Two types of different lead configuration available. 

2801520 ..... Upright mounting 

2S8C01521..... Flat mounting 


ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 


Collector to Base Voltage Veso 250 Vv 
Collector to Emitter Voltage Voeo 250 Vv 
Emitter to Base Voltage VeEBo 7.0 V 
Collector Current lo 200 mA 
Power Dissipation P;(Tc=25°C) 10 W 
Power Dissipation P;(Ta=25°C) 1.0 Ww 
Junction Temperature Tj 150 °C 
Storage Temperature Range Tstg —55 to +150 °C 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


CHARACTERISTIC SYMBOL P : ‘ TEST CONDITIONS 


Collector Cut-off Current loBo Vop=150V, le=0 





Emitter Cut-off Current lEBo Vep=5.0V, !c=0 





DC Current Gain hre Voe=10V, lc=10mA * 
ae 
Collector Saturation Voltage Vce(sat) i ic=50mA, Igp=5.0mA * 


Gain Bandwdth Product ft Voe=30V, le =—10mA 





























Collector to Base Capacitance Cob . Vog=50V, le =0, f=1.0MHz 


* Pulse test: PW S$ 350us, duty cyclS2% 





2$8C 1520, 2801521 INES Evectron pevice 


PACKAGE DIMENSIONS (Unit : mm) 
2SC 1520 2SC152) 


10.25MAX. 10.25MAX. 






0640.1 






228+10 














2.54 2.54 

LEAD CONNECTION 

1. Base 1. Base 

2. Collector (Fin) 2. Collector (Fin) 

3. Emitter 3. Emitter 

4. Fin(Collector) 4. Fin (Collector ) 
SUGGESTED MOUNTING METHODS 

Insulator 
Heat Sink 
SSSI. (OS) — 


Solder Lug 


Insulating Bushing 
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NEC tcecrron oevice 2SC1520, 2SC1521 


TYPICAL CHARACTERISTICS (Ta=25°C) 













































































































































































TOTAL POWER DISSIPATION vs. TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 
Aluminum Heat Sink of 
2mm thickness. 
) il 
5 + s 
5 e 3 
2B a 
a _ 
5 3 
BS a 
o 3 
3 i) 
rs) lad 
k | 
I a 
a 
0 50 Te 150 500 2 50 700 150 200 
Ta—Ambient Temperature—°C Ta—Ambient Temperature —°C 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
200 
180 
160 
2 140 g 
ul 120 rs 
2 100 8 
5 99 = 
3 & 
& [= 
= 40 7 
20 
GD le 06 i J 0 2 4 6 8 10 12 14 #16 





Vee—Base to Emitter Voltage—V Vce—Collector to Emitter Voltage—V 





NEC ELECTRON DEVICE 


2SC1520, 2SC1521 


COLLECTOR CURRENT vs. 


COLLECTOR TO EMITTER VOLTAGE 











a 1 6 ce 
{TTT fer F 


eet 


r—+-—_ 1 ARK i aia a a = 








ALU 
TRG 
See 
eee! 


Vce—Collector to Emitter Voltage—V 











DC CURRENT GAIN vs. COLLECTOR CURRENT 
> f 
eral 
™ 
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lo—Collector Current—mA 


NEC trectron oevice 2801520, 2801521 


COLLECTOR AND BASE SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 






































Voce (sat) ~ Collector Saturation Voltage—V 





Vee(sat) —Base Saturation Voltage—V 
































le Collector Current—mA 


GAIN BANDWIDTH PRODUCT vs. EMITTER CURRENT 








fr—Gain Bandwidth Product—MHz 








—10 —20 —30 —50 —100 —200 
le —Emitter Current—mA 


2SC1520, 2801521 NEC cicctron vevice 


COLLECTOR TO BASE CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


Pastel WROD ld ee deal aaa Ob ge Lote 
| at 
RRR Dn 


ies es ae od 3 Se ore a ae 2G 6 eee ee eet 












nel act 
a ee ea itis iauiliime 






Cos—Collector to Base Capacitance —pF 


1 2 5 10 20 50 100 200 300 
Vce—Collector to Base Voltage—V 


NEC 


ELECTRON DEVICE 


SILICON TRANSISTOR 


2SC1758 


COLOR TV CHROMA,VIDEO OUTPUT 
NPN SILICON TRIPLE DIFFUSED TRANSISTOR 


PACKAGE DIMENSIONS 
(Unit: mm) 






$3.2 +0,2 








{22 7.6 40.5 
11,0MIN, 





1. Emitter 
2. Base 
3. Collector 





ELECTRICAL CHARACTERISTICS 


Collector to Emitter Voltage 


DESCRIPTION 

The 2SC1758 is a high voltage silicon transistor intended for use ina 
color TV receiver and is ideal for video, chroma and RGB output 
applications. 





FEATURES 
@ High voltage ........ 300V 
@ Low Cob........... 3.0pF @ 20V 


@ High power dissipation. 


ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 


Collector to Base Voltage VcBOo 300 Vv 
Collector to Emitter Voltage VCEO 300 Vv 
Emitter to Base Voltage VEBO 7 V 
Collector Current Ic 100 mA 
Power Dissipation PT (Tc=25°C) 10 W 
Power Dissipation PT(Tc=70°C) 6.4 Ww 
Power Dissipation PT(Ta=50°C) 1.33 Ww 
Thermal Resistance 

Junction to Case R@(J-C) 12.5 °C/W 

Junction to Ambient — Rg (J-a) 75 °C/W 
Junction Temperature Tj 150 ¥ 
Storage Temperature Range Tstg —55 to +150 a 
(Ta=25°C) 


soo | | tv | tcrt.0ma 


CHARACTERISTIC SYMBOL TYP. | MAX. | UNIT TEST CONDITIONS 
1.0 


Collector Cutoff Current 


V 
A VcB=300V, IE=0 





Collector Cutoff Current 


100 VcB=200V, IE=0 





Emitter Cutoff Current 


100 VEB=5.0V, Ic=0 





VCE=10V, IC=20mA * 





Ic=25mA, |g=2.5mA * 





Gain Bandwidth Product 


VcE=20V, lE=—10mA 








Collector to Base Capacitance| 


* Puised: Pulse Width < 350 us, duty cycle < 2% 











VcB=20V, IE=0, f= 1.0MHz 


ann 


2SC1758 


TYPICAL CHARACTERISTICS (Ta=25°C) 


tc — Collector Current —mA 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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0) 
0.2 0.4 0.6 0.8 1.0 
VBE — Base to Emitter Voltage — V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 























hee — OC Current Gain 























= 
0 50 100 150 200 250 
Vce — Collector to Emitter Voltage — V 


NEC ELECTRON DEVICE 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





2.0 








1.5 


1.0 





Torn 


Free Air L_ 












0.5 


P+ — Allowable Power Dissipation ~ W 




















J 
50 100 150 200 


Ta — Ambient Temperature — °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 








tc — Collector Current — mA 


0 2 











4 6 8 10 12 14 16 


Vce — Collector to Emitter Voltage — V 


DC CURRENT GAIN vs, 





COLLECTOR CURRENT 
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5 10 20 50 100 200 


!c — Collector Current — mA 


NEC ELECTRON DEVICE 2SC1 758 


BASE AND COLLECTOR SATURATION VOLTAGE vs, 
COLLECTOR CURRENT 





















































VBE(sat) — Base Saturation Voltage — V 
VCE (sat) — Collector Saturation Voltage — V 





















































1 2 5 10 20 60 100 200 


!c — Collector Current — mA 


GAIN BANDWIDTH PRODUCT vs. 


EMITTER CURRENT 
160;- 1 7 
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a Seer | 
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VcE=10V 








f+ — Gain Bandwidth Product — MHz 
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le — Emitter Current —mA 


COLLECTOR TO BASE CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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f=1.0MHz 
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Vcp — Collector to Base Voltage — V 


2SC1758 


Transient Thermal Impedance — °C/W 


GAIN BANDWIDTH PRODUCT MAP 
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Ic — Collector Current — mA 
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Vce — Collector to Emitter Voltage — V 


MAXIMUM TRANSIENT THERMAL IMPEDANCE 








VcE=100V_ | 







































































Time — sec 
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NEC ELECTRON DEVICE 


SILICON TRANSISTOR 
2SC2371 


NPN SILICON TRIPLE DIFFUSED TRANSISTOR 
VIDEO OUTPUT TRANSISTOR 


NEC 


ELECTRON DEVICE 


DESCRIPTION 


The 2SC2371 is designed for use in Color TV chroma output circuits. PACKAGE DIMENSIONS 


in millimeters (inches) 


8.5 MAX. 
(0.334 MAX.) 


+. 
P 3:2+0.2\(% 0.126) 
sew | 


> 


2.8 MAX. 
(0.110 MAX.) 





FEATURES 
@ High Voltage 
Vcgo 2 300 V, Vceo = 300 V 
@ Low Ce, High fr 
Cre S 3.0 pF (Vcg =30 V) 
f> 250 MHz (VcgE =30 V, Ie =—10 mA) 









2.0 MAX 


12. 
(0.472 MA 


(0.098) 





2.5+0.2 






13.0 MIN. 
(0.512 MIN.) 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) (0.021) 








Collector to Base Voltage VcBo 300 Vv 

Collector to Emitter Voltage Vceo 300 Vv | (0.047) 
; 2.3)2.3- 

Emitter to Base Voltage VEBO 7.0 Vv (0.090) | (0.090) 

Collector Current Ic 100 mA ees} 

Total Power Dissipation PT (Tc =25 °C) 10 W 

Total Power Dissipation PT (Ta=25 °C) 1.25 Ww 4. Rite: 

Junction Temperature Tj 150 “¢ 2, Collector contiected "to 

mounting plane 
Storage Temperature Tstg —55 to +150 °C 3. Base 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
















CHARACTERISTIC SYMBOL UNIT TEST CONDITIONS 
Collector Cutoff Current IcBO nA Vcp=200 V, Ip =0 
A 





Vce=10V,Ic=10mA * 


Ic =30 mA, Ip=3.0 mA * 


Emitter Cutoff Current | 'eBo | 
DC Current Gain hee 














Collector Saturation Voltage 





VCE (sat) 


























Gain Bandwidth Product 





fT 





Vee =30 V, IE=-10 MA 














Feedback Capacitance 


*Pulse test PWS350 us, duty cycle <2.0 % 
hee Classification/N : 40—80 M:60—120 L: 








MIN. TYP. MAX. 
aes na 
40 80 250 

1.5 
50 48 
3.0 


100—200 K’: 160 —250 


Cre 





4172 





Vcp=20 V, Ie =0, f=1.0 MHz 





2SC2371 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


I¢—Collector Current—mA Py—Total Power Dissipation—W 


\¢— Collector Current— mA 





TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


NOTE 1. Aluminum heat sink of 
1.0 mm thickness. 

2. With no insulator film. 

3. With silicon compound. 





Ta—Ambient Temperature—°C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 





0.2 0.4 0.6 08 1.0 
Vege Base to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 






A Sram 


120 160 
va esiceey to Emitter Voltage—V 






dT—Percentage of Rated Current— % 


I¢—Collector Current—mA 


hee—DC Current Gain 


100 Bae 
+++] 







NEC ezrctron vevice 


DERATING CURVE OF SAFE 
OPERATING AREAS 


pi} | Ty 
SNe EA 
ae eeRee 














Tc—Case Temperature—°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


bee Wl 80 uA : 
Sioa iar ee es 
Ve ae 
Anse oe 
Fi 
poo 
i 


oie to Emitter ners: 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


J Voe=10V 













Pulse Test 











10 20 50 100 
I¢—Collector Current—mA 


NEC etectron vevice 2SC2371 




























































































BASE AND COLLECTOR SATURATION GAIN BANDWIDTH PRODUCT vs. 
VOLTAGE vs: COLLECTOR CURRENT EMITTER CURRENT 
10 pe 
a! Sa 
rf 5; — 4 
> & aa gees ” 
ii 
ie cae a : 
ae Ss z 
Ss le=ess 3 
x ES FS TE CP ° 
§ § ————- a 
Be 0S TTT s 
50 pot 3 
are Seal 3 
3 S 
go | 3 
oo == 5 
=> 005-——-H4 oS 
ie Peed ae ee | 
8 VI = 
WJ 
$F ase} 
0.01 
01 02 05 #1 °=« 2 5 10 20 50 100 -1 ~2 -5 -—10 —20 —50  —100 


I¢—Collector Current—mA Ie—Emitter Current—mA 


FEEDBACK CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 





C,@—Feedback Capacitance — pF 


























Vog—Collector to Base Voltage—V 
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NEC SILICON TRANSISTOR 
ELECTRON DEVICE 2502373 


B/W TV HORIZONTAL DEFLECTION OUTPUT 
NPN SILICON EPITAXIAL TRANSISTOR 


DESCRIPTION 
The 2SC2373 is designed for use in B/W TV deflection output circuits. 


FEATURES 
PACKAGE DIMENSIONS 


in millimeters (inches) 


@ Low saturation voltage. Vcg(sat) : O.4V(TYP.) at Io =5.0A, Ig =0.5A 
© Very fast speed switching. t_ : O.3us(TYP.) at lc =5.0A, Ig, =0.6A 










10.66MAX. 4.82MAX. 
(0.41 9MAX.) (0.189MAX. ) 
63.6402 
1.3+0.2 
ark ($0.14) (0.05) 
goes = 
ont zz ok 
a2 SS |xx 
ae |33 
wo [eS ABSOLUTE MAXIMUM RATINGS 
4 ~~ tw 
i) 


Maximum Voltages and Currents (Ta = 25°C) 


23 = Collector to Base Voltage (Rge =) VcBo 200 Vj 
os ae pete Collector to Emitter Voltage (Open Base) VcEo 100 Vv 

bai Emitter to Base Voltage VEBO 7.00 Vv 
oe + Continuous Collector Current Ic(pe) 7.5 A 
(oni) Peak Collector Current IC (peak) 15 A 
Total Power Dissipation (T¢ = 25°C) Py 40 Ww 

Maximum Temperatures 

1. Base EIAJ : SC-46 ° 
2. Collector Fin JEDEC : TO-220AB Storage Temperature Tstg -55to +150 C 
. ales Tee A Operating Junction Temperature Tj 150 *C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC he Neer : . TEST CONDITIONS 





Collector Cutoff Current IcBo Vop =150V, 16 =0 





Emitter Cutoff Current id leBO i i Vep =5.0V, Ic =0 





DC Current Gain | VcE=5.0V, I¢=5.0A* 





Collector Saturation Voltage VCE(sat) H | Vv Ic =5.0A, Ig =0.5A* 





Base Saturation Voltage VBE(sat) Z . Vv Ic =5.0A, Ip =0.5A* 








Fall Time tf . i Ic=5.0A, Igq=0.6A, See Test circuit. 














Gain Bandwidth Product fT VceE =5.0V, ig =0.1A 








*Pulse Test : PW <350us, duty cycle < 2.0% 
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28C2373 NEC etectron evict 


TYPICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 


60 


o 
Oo 
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Ls) 








P;— Total Power Dissipation— W 
w 
lc—Collector Current—A 






































0 
200 0.4 0.8 1.2 1.6 
Vce—Collector to Emitter Voltage V 


Ta— Ambient Temperature—°C 


COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT 
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Pulsed 
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10 
0 20 40 60 80 100 0.01 0.02 0.05 O1 02 05 1 2 5 10 
Vce-—Collector to Emitter Voitage—V lc—Collector Current—A 
COLLECTOR SATURATION VOLTAGE vs. BASE SATURATION VOLTAGE vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 


Io=10°lg 
Putsed 



























































VBE(saty— Base Saturation Voltage—V 








VcE(saty— Collector Saturation Voltage—V 








































































































“Ol 0.2 0.5 10 20 5 10 0.1 0.2 05 1 2 5 10 
Ic—Collector Current—A lc—Collector Current—A 
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NEC susctron oevice 28C2373 


SAFE OPERATING AREA FALL TIME TEST CIRCUIT 


For Picture Tube Arcing 





— 


3 


PW=40us 
duty cycle 5% 








lep— Collector Peak Current—A 

















Vcp—Collector Peak Voltage—V 
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NEC 


ELECTRON DEVICE 


SILICON TRANSISTOR 


2SC2688 


NPN SILICON TRIPLE DIFFUSED TRANSISTOR 
VIDEO OUTPUT TRANSISTOR 


DESCRIPTION 


The 2SC2688 is designed for use in Color TV chroma output circuits. 


FEATURES 


@ High Burnout Voltage (E-B reverse bias, C= 2300pF) 


Vg: TYP. 1000V 
@ Low Cre, High fr 
Cre S$3.0pF (Veep = 30V) 
f7 250MHz (Veg = 30V, Ie =-10mA) 


ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 


Collector to Base Voltage VcsBo 300 Vv 
Collector to Emitter Voltage Vceo 300 V 
Emitter to Base Voltage VeBo 5.0 Vv 
Collector Current Ic 200 mA 
Total Power Dissipation P+(Te = 25°C) 10 W 
Total Power Dissipation P-+(Ta = 25°C) 1.25 W 
Junction Temperature Tj 150 °C 
Storage Temperature Tstg -55 to+150 °C 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 
CHARACTERISTIC SYMBOL 


PACKAGE DIMENSIONS 


in millimeters (inches) 


8.5MAX. 2.8MAX. 
(0.334MAX.} (0.1 10MAX.) 


$3.2 £0.2( ose 
p | 








; 


12.0MAX 
(0.472MAX. 


(0.512MIN.) 





0.8 72.88 
(0.031) 








2.3123 
(0.090) ; (0.090) 


prio 


1. Emitter 

2. Collector connected to 
mounting plane 

3. Base 


TEST CONDITIONS 








Collector Cutoff Current lcBO 


Vcp = 200V, Ie=0 





Emitter Cutoff Current lEBO 


VeEB=5.0V, Ic=0 





DC Current Gain hee 


Vce=10V, I¢=10mMA * 





Collector Saturation Voltage VCE (sat) 


Ic =50mA, !Ip=5.0mA * 








_Gain Bandwidth Product 


Voce =30V, IE=-10mA 
4 





Feedback Capacitance 


*Pulse test PWS35Qus, duty cycle <2.0% 
heg classification/N: 40-80 M: 60—120 L: 100-200 


K: 160 — 250 


Prey 











Veg =30V, IE =0, f= 1.0MHz 


2SC2688 


TYPICAL CHARACTERISTICS (Ta= 25°C) 


Py — Total Power Dissipation -W 


i¢ — Collector Current—mA 


\¢—Collector Current—mA 


TOTAL POWER DISSIPATION vs. 


AMBIENT TEMPERATURE 


Infinite Heat Sink 





oe 


i 


|. 


























0 25 50 75 100° 125 


Ta—Ambient Temperature — °C 


COLLECTOR CURRENT vs. 








150 


COLLECTOR TO EMITTER VOLTAGE 











0 2 4 6 8 10 


VcE—Collector to Emitter Voltage — 


COLLECTOR CURRENT vs. 





v 


BASE TO EMITTER VOLTAGE 


























0 0.2 0.4 0.6 0.8 1.0 


VBE ~ Base to Emitter Voltage—V 





1.2 


1.4 


1aN 


I¢—Collector Current—mA 


PT —Total Power Dissipation —W 


hfe —OC Current Gain 


NEC etectron DEVICE 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


1.5 


Free Air 





~ 
ie) 
on 











0.5° 
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Ta—Ambient Temperature — °C 


COLLECTOR CURRENT vs. cs 
COLLECTOR TO EMITTER VOLTAGE 


























0 50 100 150 


VcE —Collector to Emitter Voltage —-V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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I¢— Collector Current—mA 


NEC etectron vevice 2SC2688 


BASE AND COLLECTOR SATURATION GAIN BANDWIDTH PRODUCT vs. 
VOLTAGE vs. COLLECTOR CURRENT EMITTER CURRENT 


10.0 
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ft —Gain Bandwidth Product — MHz 
8 

















VCE(sat) — Collector Saturation Voltage—V 








VBE(sat) —Base Saturation Voltage—V 



















































































10 
0.1 . 50 100 500 1000 1 =5 —10 ~50 ~—100 


Ic — Collector Current—mA IE — Emitter Current—mA 


FEEDBACK CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 











Cre~Feedback Capacitance — pF 















































1 5 10 50 100 
Vcp-—Collector to Base Voltage—V 


BURNOUT TEST CIRCUIT BY DISCHARGE OF CAPACITOR 


Open COLLECTOR TEST CONDITION 


1) E-B reverse bias 
2) C= 2300pF 
3) Apply one shot piuse to T.U.T. (Transistor Under the Test) by SW. 


JUDGEMENT 


REJECT; BVeEgo waveform defect 
As a result if T.U.T. is not rejected, apply higher voltage to capacitor 
C=2300pF and test again. 
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NEC 


ELECTRON DEVICE 


DESCRIPTION The 2SD471 is designed for use in driver and output stages of 


audio frequency amplifiers. 


@ High Total Power Dissipation: 
1.0W at 25°C Ambient Temperature. 
® Complementary to the NEC 2SB564 PNP Transistor. 


FEATURES 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature .............0005 -55 to +150°C 

Junction Temperature .............. +150°C Maximum 
Maximum Power Dissipation (Ta=25°C) 

Total Power Dissipation ........... 0.00 ee eee 1.0 W 

Thermal Resistance (Junction to Ambient) ...... 125°C/W 
Maximum Voltages and Currents (Ta= 25°C) 

VcBo Collector to Base Voltage ............. 30 V 

Vceo Collector to Emitter Voltage ........... 25 V 

VeBo Emitter to Base Voltage ............. 5.0 V 

Ic Collector Current ..........2 00 eee 10A 

ip Base Current ........ 0.00. ee ee eee 0.1 A 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


SYMBOL CHARACTERISTIC 


NPN SILICON TRANSISTOR 


2SD471 


PACKAGE DIMENSIONS 


in millimeters (inches) 


7.0MAX. 1.2 
(0.275MAX.) (0.047) 






0.8+0.1 
(0.031) 





3.0MAX 
(0. 118MAX.) 


0.6+0.1 
(0.024) 






12.0MIN. 
(0.473MIN.) 


0.6+0.1(0.024) 


















—___ fb 
1.7 
(0.067) wee, 0-550.1 
ZS (0.022) 
&5 
e t= 1, Emitter 
= f 
2 8 2 2. Collector 
Ss 3. Base 


TEST CONDITIONS 





hFe1 DC Current Gain 

hee2 DC Current Gain 

fr Gain Bandwidth Product 

Cob Collector to Base Capacitance 
IcBo Collector Cutoff Current 
lEBO Emitter Cutoff Current 

VBE Base to Emitter Voltage 
VCE(sat) Collector Saturation Voltage 


VBE (sat) Base Saturation Voltage 


Classification of heey 


Rank M L K 
Range 90 —180 135 — 270 200 — 400 


hee, Test Conditions: VceE=1.0V, Ic=0.1A 








182 





VceE=1.0V, ic =0.1A 
VcE=1.0V, Ic=1.0A 
VcE=6.0V, Iic=10mA 
Vcp=6.0V, IE =0, f=1.0MHz 
Vop=30V, le=0 
Vep=5.0V, Ic=0 
VceE=6.0V, Ic=10mA 
Ic=1.0A, Ip=0.1A 
1¢=1.0A, 1gp=0.1A 


2SD471 


TYPICAL CHARACTERISTICS (Ta=25°C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 


SAFE OPERATING AREAS 
AMBIENT TEMPERATURE 


(TRANSIENT THERMAL RESISTANCE) 
1.0 
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0.6 














0.4 























¢ Collector Current —A 





0.2 











P,;—Total Power Dissipation —W 
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Ta—Ambient Temperature — C 


Vez Collector to Emitter Voltage —V 


COLLECTOR CURRENT vs. 


COLLECTOR SATURATION VOLTAGE 
COLLECTOR TO EMITTER VOLTAGE 


vs. COLLECTOR CURRENT 
10 = 
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I. —Collector Current—A 























Vertsan Collector Saturation Voltage —V 




















































































































































































































0 0.4 0.8 1.2 1.6 2.0 Im 2m 5m 10m 20m 50m 100m 200m 500m 1 2 0 
Vcg —Collector to Emitter Voltage —V 1o—Collector Current —A 
COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
1000 
500 
DC CURRENT GAIN vs. 
Cees COLLECTOR CURRENT 
rs 
| 100 = 
< 
£ 
= 50 
o Cc 
x 
3s fa) 
oy 20 e 
3 8 
oO ‘hes 
1 10 é 
wa? oO 
a 
5 L 
é 
mui 
ll 
04 05 06 07 08 0.9 10 In 2m 5m 10m 20m 50m 100m200m 5000 1 0 


|. —Collector Current—A 
Vee —Base to Emitter Voltage—V 
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|. —Collector Current—mA 


Veeicaty Base Saturation Voltage—V 


f;—Gain Bandwidth Product —MHz 





N EB C ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


100 















































Veg Collector to Emitter Voltage—V 


BASE SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 





c= 10+lg 
Pulsed 















0.5 
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0.1 
0.05 
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Im 2m 


5m 10m 20m 50m 100m 200m 500m 1 10 
Ig-Collector Current-A 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 
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|; ~Emitter Current—mA 





NEC ttectron vevice 


COLLECTOR TO BASE CAPACITANCE vs. 


COLLECTOR TO BASE VOLTAGE 























C,,—Collector to Base Capacitance —pF 



























































0102 05 1 2 5 10 20 50 100 


Veg —Collector to Base Voltage —V 


1R4 


2SD471 


NEC 


ELECTRON DEVICE 


DESCRIPTION The 2SD571 is designed for use in driver and output stages of 
audio frequency amplifiers. 
FEATURES @ High total power dissipation and high breakdown voltage: 


1.0W at 25°C ambient temperature/VcE9 = 50V 
@ Complementary to the NEC 2SB605 PNP transistor. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
—55 to +150°C 
+150°C Maximum 


Storage Temperature ............ 

Junction Temperature ......... 
Maximum Power Dissipation (Ta = 25°C) 

Total Power Dissipation .................. 

Thermal Resistance (Junction to Ambient) .. 125°C/W 
Maximum Voltages and Currents (Ta = 25°C) 


Vecpo Collector to Base Voltage ........ 60 V 
Vceo Collector to Emitter Voltage ...... 50 V 
Veso Emitter to Base Voltage ......... 5.0 V 
Ic Collector Current .........--65. 07 A 
Ip Base Current ..........0e eens 0.1 =A 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


SYMBOL CHARACTERISTIC 








DC Current Gain 

DC Current Gain 
fT Gain Bandwidth Product 
Cob Output Capacitance 
ICBO Collector Cutoff Current 
1EBO 
VBE 
VCE (sat) 


Emitter Cutoff Current 
Base to Emitter Voltage 
Collector Saturation Voltage 


VBE (sat} Base Saturation Voltage 


Classification of hre4 


Se ee 
90-180 | 135-270 | 200-400 


hrE1 Test Conditions: VcE=1.0V, Ic=0.1A 









aar 








1 
(0. 





(0.024) 


NPN SILICON TRANSISTOR 


2SD571 


PACKAGE DIMENSIONS 


in millimeters (inches) 


7.OMAX. 1.2 
(0.275MAX.) (0.047) 
poy 


a 


9. OMAX 
(0.354MAX 






2.0 
(0.079) 




















x 
xz 
28 
ou 
oT 
Ss os 
2 
23 
0.6+0.1 (0.024) as 
|| 9.6+0. 1 (0.024) “s 
— 
7 1.7 
067) (0.067 a 
) Lg 0.55£0.1 
<= (0.022) 
35 
oo +S. 1. Emitter 
igs = 2. Collector 
S 3. Base 


TEST CONDITIONS 
VceE=1.0V, ic=0.1A 
VcE=1.0V, Ic =0.5A 
VcE=6.0V, I¢=10mA 
Vcp=6.0V, te =0, f=1.0MHz 
Vcp=60V, le =0 
VEB=5.0V, Ic=0 
VcE=6.0V, Ic=10mMA 
1c =0.5A, Ig =0.05A 
I¢=0.5A, 1g =0.05A 


2SD571 NEC ttectron pevice 


TYPICAL CHARACTERISTICS (Ta=25°C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


SAFE OPERATING AREAS 
(TRANSIENT THERMAL RESISTANCE) 


1.0 
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0.6 




















P,—Total Power Dissipation —W 


























Ta—Ambient Temperature — T 


COLLECTOR CURRENT vs, 
COLLECTOR TO EMITTER VOLTAGE 


lc —Collector Current—A 














0 0.4 0.8 1.2 1.6 2.0 


Vce—Collector to Emitter Voltage—-V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


1000 





l-—Collector Current —A 


FUER EREEEEH 


04 0.5 07 08 O09 1.0 


Vee ~Base to Emitter Voltage—V 





























lc ~—Collector Current—A 


0. o2| __| 
0.01 et Patt 
50 100 


ela to Emitter Voltage —V 


COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 





Ic = 10 +45 








[coh ie 
TT | HH 














VoEvsaty— Collector Saturation Voltage—V 


01 
Im 2m Sm 10m2m 50m100m200m 500m 1 2 «85 «(10 


le —Collector Current—A 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


1000 































ae 
Eanes a [} 
500} 
mee H 
5 od Loot 
is] 
. 200 oe 
se soaiiilll 
3 =a. : 
ps0 conn 
E r ETT TT 
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Ip -Collector Current—A 
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Veetsaty Base Saturation Voltage—V 


f;—Gain Bandwidth Product —MHz 






































Vce—Collector to Emitter Voltage~V 


BASE SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 
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EMITTER CURRENT 
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C.»— Output Capacitance — pF 





OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 












































0102 05 1 2 5 10 20 50 100 
Vep—Collector to Base Voltage—V 


2SD571 





NEC NPN SILICON 
ELECTRON DEVICE 


DESCRIPTION The 2SD1018 is NPN silicon triple diffused transistor 
designed for use power supplies of 90° and 110° colour 


and black and white TV receivers. 


FEATURES ® High voltage rating : Veg =250 V 
@ High power dissipation rating : Pt =80 W, Tc =25 °C 
@ Wide safe operating area 


@ Economy types for DC circuits 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature .............. —55 to +150 °C 

Junction Temperature ............ 150 °C Maximum 
Maximum Power Dissipation (Tc = 25 °C) 

Total Power Dissipation .............. 00085 80 W 
Maximum Voltages and Current (Ta= 25 °C) 

Vcso Collector to Base Voltage ........... 250 V 

VcEO Collector to Emitter Voltage ......... 250 V 

VeBo Emitter to Base Voltage ............ 5.0 V 

Icipc) Collector Current (DC) ............. 40A 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC 


hfe DC Current Gain 
IcBO Collector Cutoff Current 
leBo Emitter Cutoff Current 


VCE (sat) Collector Saturation Voltage 


VBE (sat) 
BVcBO Collector to Base Breakdown Voltage 


Base Saturation Voltage 


BVcEO Collector to Emitter Breakdown Voltage 
BVEBO Emitter to Base Breakdown Voltage 


Classification of hee 


a 
[raree | ao— a0 | 60-170 | soo 200 | 160-250 | 


hee Test Conditions : VcE=10 V, IC=O05A 





POWER TRANSISTOR 


2$SD1018 


PACKAGE DIMENSIONS 


in millimeters (inches) 


16,5 MAX. ¢3.2+0.2 55 MAX. 
(0.64 MAX.) (¢0.13) (0.21 MAX.) 






(0.2) 


16.340.1 5+0.1 
(0.64) 





1. BASE 

2. COLLECTOR CONNECTED TO 
HEAT SINK CONTACT AREA 

3. EMITTER 


TEST CONDITIONS 


VcE=10 V, Ic =O.5A 
VcBp=200 V, Ile =0 
VeBp=4.0 V, IE =0 

Ic =0.5 A, Ip =0.05 A 
Ic =0.5 A, 1g =0.05 A 
i¢ =1.0 mA, le =0 

Ic =10 mA, Ip =O 

IE =1.0 mA, Ic =0 


2SD1018 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


60 
NOTE 
1. Aluminum heat sink of 


50 2.0 mm thickness. 
2. With no insulator film 
3. With silicon compound. 








40 





30 


20 











PT —Total Power Dissipation —W 























Ta—Ambient Temperature —°C 


TRANSIENT THERMAL RESISTANCE 








Ic=1.6 A 
duty=0.001 




















ARth— Thermal Resistance —°C /W 





















































PW —Pulse Width—s 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs, COLLECTOR CURRENT 


10 
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VBE(sat) Base Saturation Voltage—V 
VCE(sat)—Colléctor Saturation Voltage —V 


Oo oO 















































“0.01 0.05 0.1 0.5 1 5 10 
{¢—Collector Current—A 


DERATING CURVE OF SAFE 
OPERATING AREAS 

















dT —Percentage of Rated Current -—% 











0 50 100 150 
Tc-Case Temperature —°C 


COLLECTOR CURRENT vs. COLLECTOR 
TO EMITTER VOLTAGE a 


Pulse Test 














I¢ —Collector Current—A 


ip=10 mA 


0 10 20 30 40 50 
VcE Collector to Emitter Voltage—V 
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NEC ELECTRON DEVICE 


SAFE OPERATING AREAS 





















































1} NOTE 

LI¢=25 °C en 

0.5% 2.Curves must be derated linearly “S 
with increase in Temperature 

3. The Sb limut is for single 
pulse. 


50 4 
5 T ia R 

20 : Nie ms ) |_| 
T Ie(pulse) \duty cycle $50 % 
as 10 to! 
® “ 
= 5£!c(0c) 7 nm 
3 - ‘al 5 
rs) a ON 
S&S 2 a. 
S ty, PagpnS, 
3 “ey “a, 
°° 
? 
cs) 














% 
0.2 % 
0.1 











VCEO MAX. 


1 2 5 10 20 50 100 200 500 
VcE—Collector to Emitter Voltage —V 


DC CURRENT GAIN vs. COLLECTOR 
CURRENT 























hee —DC Current Gain 

































































Ic—Collector Current—A 





NEC 


ELECTRON DEVICE 





DESCRIPTION 


Suitable for transistor ignitor and motor driver applications. 











PACKAGE DIMENSIONS 
in millimeters (inches) 


10.7 MAX. — $ 3.6+0.2 4.9 MAX. 
(0.421 MAX.) (¢ 0.142) (0.193 MAX.) 








1302. 0.06) 


(0.051 


(0.252 MAX) (0.228 MIN.) 
125 MIN. 15.9 MAX. 


(0.492MIN) (0.626 MAX.) 
Ss 
a 
H 
° 
rN) Ss 
sp 8 


(0.1) (0.1) 


L+T* | 


c 
8 
1. Base (B) 
2, Collector (C) 
3. Emitter (E) 
4. Fin (Collector) R 
JEDEC : TO-220AB R~ 500 Q E 









FEATURES 


®@ High voltage switching. 


®@ Low collector saturation voltage. 


ABSOLUTE MAXIMUM RATINGS 


Collector to Emitter Voltage 

Collector to Emitter Sustaining Voltage 
Collector to Emitter Sustaining Voltage 
Emitter to Base Voltage 

Continuous Collector Current 

Peak Collector Current 


Continuous Base Current 


Maximum Power Dissipations 


Total Power Dissipation 
Total Power Dissipation 


Maximum Temperatures 


Junction Temperature 

Storage Temperature 

Lead Temperature 

3.18 mm(1/8 inch) from case for 10 s. 


Thermal Resistances 


Junction to Case 
Junction to Ambient 


TENTATIVE SPECIFICATION 


SILICON POWER TRANSISTOR 
28D1162  (V443) 


HIGH VOLTAGE HIGH CURRENT SWITCHING 
NPN SILICON TRIPLE DIFFUSED DARLINGTON TRANSISTOR 


Industrial Use 


Maximum Voltages and Currents (Ta= 25 ° C) 


Vcso. VcEs 
VceEO (sus) 
Vcex (sus) 
VEBO 
Ic(De) 

* 
Ic(pulse) 
Ig (DC) 


PT (Tc = 25 °C) 
Pr(Ta=25 °C) 


Tj 


Tstg 


Th 


Reh (j-c) 
Rth(j-a) 


500 
300 
300 
10 
5 
10 
0.5 


50 
1.85 


150 
—55 to +150 


260 


2.5 
67.6 


*Pulsed PW <1 ms, duty cycle <10 % 
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V443 NEC uectron vevice 





ELECTRICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted.) 


CHARACTERISTIC SYMBOL 
Collector to Emitter Sustaining Voltage VCEO(SUS) 


1 
Collector Cutoff Current Lede 
IcBo2 


Emitter to Collector Voltage 








VcE=2.0V, IC=2A : 
VcE=2.0V, Ic=3 A * 





DC Current Gain 


Collector Saturation Voltage 


Base Saturation Voltage 
Turn On Time 
Ic =3 A, Ig, =—ip2=30 MA 


Fall Time . te 


* Pulsed PW S350 us, duty cycle<2 % 
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PRELIMINARY SPECIFICATION 


NEC FIELD-EFFECT TRANSISTORS 
hemor: —/ 6 2N4391,2N4392,2N4393 


HIGH SPEED SWITCHING AND CHOPPER 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTOR 








DESCRIPTION 


The 2N4391, 2N4392, 2N4393 are depletion mode junction field effect transistors, designed for high speed switching and 
chopper applications. 





PACKAGE DIMENSIONS 
in millimeters (inches) 
$5.84MAX. @ Low drain source ‘‘ON” resistance. 
( 60.23MAX.) 
¢4.95MAX. TDS (on) = 302 MAX. (2N4391) 
Rail na ss @ Low gate reverse current. 
Iggg =0.1nA MAX. (at Veg = 20V) 


FEATURES 




















5.33MAX. 
(0.21MAX.) 


iL 





oe 
(0.492MIN.) 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Currents (Ta= 25°C) 














Gate to Drain Voltage V6po - 40 Vv 
Gate to Source Voltage VcGso -40 V 
Drain to Source Voltage Vpsx 40 Vv 
Gate Current Ig 50 mA 
1. Source (S) Maximum Power Dissipations (Ta = 25°C) 
2. Drain (D) seen - 
3. Gate (G), (Case) Total Power Dissipation Pr 300 mW 
EIAJ : TC-7, TB-8C sccinati * 
JEREGe TO SOeMAOAG Total Power Dissipation P+ 1.8 W 
1EC =: C7, B11 Maximum Temperatures 
Junction Temperature Tj 200 2G 
Storage Temperature Range Tstg - 65 to +200 °C 


*Case Temperature = 25°C 


2N4391,2N4392,2N4393 NEC ttectron oevice 





ELECTRICAL CHARACTERISTICS (Ta=25°C) 


: 2N4391 2N4392 | —2N4393_—| 
CHARACTERISTIC SYMBOL UNIT TEST CONDITIONS 
min. | MAX. | MIN. MIN. | MAX. 


Gate-Source Breakdown Voltage V(BR)GSS Vv IG=-1wA, Vpsg=0 


Gate-Source Forward Voltage | 1 | V IG=1mA, Vpsg=0 


VGgs=-20V, Vps=0 
VGs=-20V, Vps=0, Ta=150°C 





Drain Cutoff Current 
VGs=-12V, Ta=150°C 


VGs=-7V, Ta=150°C 
Vgs=-5V, Ta=150°C 








Gate-Source Cutoff Voltage 








Zero-Gate-Voltage Drain Current VG6s=0, See Note 1 





Drain-Source 
On-State Voltage 


Static Drain-Source 


r 
On-State Resistance DSton) 
ot 





Smali-Signal Drain-Source : 
On-State Resistance ds(on) 





Common-Source Short-Circuit 


Input Capacitance Vps=20V, VGs=0, f=1MHz 





Vps=0, —- Vgg=-12V, f= 1MHz 
Vps=0, VGs=-7V, f=1MHz 
Vps=0, VG6s=-5V, f=1MHz 











Common-Source Short-Circuit 
Reverse Transfer Capacitance 











NOTE: This parameter must be measured using pulse techniques. ty=1ms, duty cycle <1% 
SWITCHING CHARACTERISTICS (Ta = 25°C) 


2N4391 2N4392 2N4393 
CHARACTERISTIC SYMBOL TEST CONDITIONS 
Vpp=10V, = IDion) = 4 GMA (2N4392) 
15 


Turn-On Time 3mA (2N4393) 











ns | 7 
GS(on) =¥. 
Fall Time ns (“iv (2N4391) 


See test circuit, VGS(off)= ) -7V (2N4392) 
«| 


-5V (2N4393) 
SWITCHING TIMES TEST CIRCUIT 














Oo Vpp=10V INPUT (tr =tr<0.5ns) 
THe el 
Vv GStaff) 


INPUT 
TYPE No. 2 
2N4301 














A 







TEKTRONIX 567 
OR EQUIV. 


2N4392 
2N4393 





512 





OUTPUT 


NEC ttectron oevice 2N4391,2N4392,2N4393 


TYPICAL CHARACTERISTICS (Ta= 25°C) 







































































































































DRAIN CURRENT vs. DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE (Ipgg = 20mA) GATE TO SOURCE VOLTAGE (pss = 20mA) 
25 
20 
<x 
ae, 
Le 
c ~~ 
£ | 7 
3 af 
3 8 
5 10 pa 
5 s 
| a 
2 | 
& 
0 4 8 12 16 20 
Vps —Drain to Source Voltage—V Vos— Gate to Source Voltage —V 
DRAIN CURRENT vs. DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE (Ipsg = 50mA) GATE TO SOURCE VOLTAGE (pss = 50mA) 
50 50 
aos <x 
E r 
i # 
o 30 2 
5 5 
= rs) 
< < 
a 20 7 
L 8 
10 

































































0 4 8 12 16 20 5 4 3 2 -1 0 
Vps—Drain to Source Voltage —V Ves —Gate to Source Voltage —V 

DRAIN CURRENT vs. DRAIN CURRENT vs. 

DRAIN TO SOURCE VOLTAGE (Ipgs = 20mA) DRAIN TO SOURCE VOLTAGE (Ipssg = 50mA) 
















































































2N4391,2N4392,2N4393 


Ci.ss—Input Capacitance — pF 


DRAIN TO SOURCE RESISTANCE vs. 
GATE TO SOURCE VOLTAGE 





























ps—Drain to Source Resistance— 2 
































Vos —Gate to Source Voltage —V 


INPUT CAPACITANCE vs. 
GATE TO SOURCE VOLTAGE 
























































—0.5 -10 —5.0 —10 —20 


Vas —Gate to Source Voltage —V 





en—€quivalent Input Noise Voltage —nV/./Hz 





NEC trectron oevice 





EQUIVALENT INPUT NOISE VOLTAGE 
vs. FREQUENCY 


























pt \ an 
100 lk 


t —Frequency —Hz 


REVERSE TRANSFER CAPACITANCE 
vs. DRAIN TO SOURCE VOLTAGE 


Crss—Reverse Transfer Capacitance — pF 
























































Vps —Drain to Source Voltage —-V 


NEC P-CHANNEL JUNCTION FIELD-EFFECT TRANSISTOR 


ELECTRON DEVICE 


DESCRIPTION The 2SJ44 is designed for use in driver stage of AF low noise 


amplifier. 


FEATURES ® Low Noise Figure 
en=1.5 nVA/Hz TYP. (Vpg=—10 V, Ip=—1.0 mA, f=1.0 kHz) 
NV S20 mV 
@ High Voltage, High |¥¢,|, and Wide Dynamic Range 
Vepo 240 V 
l¥¢,1=9.0 mS TYP. (Vpg=—10 V, Ip=—1.0 mA, f=1.0 kHz) 
@ Complementary to NEC 2SK163 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature .............. —55 to +125 °C 
Junction Temperature ........... +125 °C Maximum 


Maximum Power Dissipation (Ta=25 °C) 


Total Power Dissipation................. 400 mW 
Maximum Voltages and Currents (Ta=25 °C) 
Ve6po Gate to Drain Voltage .......... 40 Vv 
Veso Gate to Source Voltage ......... 40 V 
Vosx * Drain to Source Voltage ........ -40 V 
Ip Drain Current.............-.. -30 mA 
Ig Gate Current ................ -10 mA 
*Vgg=-2.0 V 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC 


loss Zero-Gate Voltage Drain Current 
esl, Forward Transfer Admittance 
esl, Forward Transfer Admittance 
Ciss Input Capacitance 

Cress Feedback Capacitance 

NV Noise Voltage 

IGss Gate Cutoff Current 

VGSloff) Gate to Source Cutoff Voltage 


Classification of Ipsg 





Rank 
Ipss(mA) 


Ipssg Test Conditions : Vpg=—10 V, Vgg=0 








2SJ44 


PACKAGE DIMENSIONS 


in millimeters (inches) 























5.2 MAX. 
(0.204 MAX.) 
bee. 
>< 
$5 
ww 
9 a 
S 
0.45 
(0.018) ze 
a 1S 
1 2 5 oO 
x = xs 
2.54 sls pact 
(0.10) n 8 
ro 
1.27 ae 
(0.05) Rc: 
x< 
<5 
a8 
ie 
1. DRAIN EIAJ : SC-43 
2. GATE JEDEC : TO-92 
3. SOURCE IEC —_: PA33 


TEST CONDITIONS 


Vps=-—10 V, Ves =90 

Vps=-10 V, Ip =-1.0 mA, f=1.0 kHz 
Vps=—10 V, Vgs=0, f= 1.0 kHz 
Vps=-—10 V, Ves =0, f= 1.0 MHz 
Vps=-10 V, Vgs=0, f= 1.0 MHz 

See test circuit 

VGgs= 20 V, Vps=9 

Vps=—10 V, Ilp=—-10 uA 


25544 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


Cigg— Input Capacitance — pF 


\p —Drain Current —mA 


Py —Total Power Dissipation —mW 


Crss— Feedback Capacitance — pF 








TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


Free Air 


















































0 25 50 75 100 125 150 


Ta—Ambient Temperature —°C 


DRAIN CURRENT vs. 
GATE TO SOURCE VOLTAGE 
























































0 0.2 0.4 0.6 0.8 1.0 
Vag —Gate to Source Voltage —V 


INPUT AND FEEDBACK CAPACITANCE 
vs. DRAIN TO SOURCE VOLTAGE 

























































































-10 -20 -50 -10 -20 ~50 -—100 
Vps —Drain to Source Voltage —V 


lp —Drain Current — mA 


[WEG & ELECTRON DEVICE 


se 


DRAIN CURRENT vs. DRAIN CURRENT vs. 


DRAIN TO SOURCE VOLTAGE DRAIN TO SOURCE VOLTAGE 

















Ip —Drain Current — mA 












































0 -4 -8. -12 -16 —20 0 -04 -08 -12 -16 —20 


Vos — Drain to Source Voltage—V Vps_—Drain to Source Voltage—V 


FORWARD TRANSFER ADMITTANCE GATE TO SOURCE CUTOFF VOLTAGE vs. 
vs. ZERO-GATE VOLTAGE DRAIN CURRENT ZERO-GATE VOLTAGE DRAIN CURRENT 


lyfg| —Forward Transfer Admittance —mS 


100 perro 10-——— 















Vps=—10 V Vps = — 10 V 


Ip= -10 ua 




















5.0 




















































































































== 
aes ee 
rte 
a 


V@s(off)— Gate to Source Cutoff Voltage—V 


—10 -20 -50 -10 -20 -50 —100 
Ipss —Zero-Gate Voltage Drain Current—mA Ipss —Zero-Gate Voltage Drain Current—mA 


NOISE VOLTAGE TEST CIRCUIT 


-18y 
1kQ 
10 ko 
D 


Gy=100 dB 





(FLAT) 


Vpos=-4 V, Ip =-1.0 mA, Rg =0, Gy = 100 4B, 
f=10 Hz—1.0 kHz (at -3.0 dB) 


EC P-CHANNEL JUNCTION FIELD-EFFECT TRANSISTOR 


ELECTRON se 2 S J 4 5 


DESCRIPTION The 2SJ45 is designed for use in driver stage of AF amplifier 


and switching circuit. PACKAGE DIMENSIONS 


in millimeters (inches) 




















FEATURES @ High Voltage, High |¥;,| 5.2 MAX. 
(0.204 MAX.) 
Vepo 2 40 V 
l¥¢.|=9.0 mS TYP. (Vpg=—10 V, Ip =—-1.0 mA, f= 1.0 kHz) = 
@ High Input impedance 42 
Igss $1.0 nA (Vgg = 20 V, Vps = 0) a 8 
ABSOLUTE MAXIMUM RATINGS ce cs 
Maximum Temperatures (0.018) Zz 
Storage Temperature ............ —55-to +125 °C a8 
Junction Temperature ............ +125 °C Maximum bo am ae 
Maximum Power Dissipation (Ta=25 °C) 1.27 
Total Power Dissipation................. 400 mW ce: x3 
Maximum Voltages and Currents (Ta=25 °C) re 8 
Vepo Gate to Drain Voltage .......... 40 Vv “s 
Veso Gate to Source Voltage ......... 40 Vv 1. DRAIN EIAJ :S¢C-43 
Vpsx* Drain to Source Voltage ........ -40 Vv a ounce. Wee ee 
Ip Drain Current .............0. -30 mA 
Ig Gate Current ...............4. -10 mA 
*VGgs=2.0 V 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC : : TEST CONDITIONS 


lpss Zero-Gate Voltage Drain Current Vps=—10 V, Vegsg=0 

lYesl, Forward Transfer Admittance d Vps=—10 V, Ip =—1.0 mA, f= 1.0 kHz 
\VEsl, Forward Transfer Admittance i Vps=-10-V, Vgg=0, f=1.0 kHz 

Ciss {nput Capacitance Vps=-10 V, Ves =9, f= 1.0 MHz 

Crsg Feedback Capacitance Vps=—10 V, Vgs =0, f= 1.0 MHz 

NV Noise Voltage ' See test circuit 

{Gss Gate Cutoff Current A V6s= 20 V, Vps.=0 

VGSloff) Gate to Source Cutoff Voltage : ; Vps=—-10 V, Ip=-10 vA 





Classification of Ipss 


Rank K L N 
'pss(ma) —1.0 — -6.0 ~5.0 —-10 -13 —-18 


Ipss Test Conditions : Vpg=—10 V, Vgg=0 








ZSJ45 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


Cisg- input Capacitance — pF 
Crsg— Feedback Capacitance — pF 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


Free Air 





+ 











8 § 8 8 








8 





Py— Total Power Dissipation— mW 


8 












































o 


25 50 75 100 125” 
Ta— Ambient Temperature—°C 


150 


DRAIN CURRENT vs. 
GATE TO SOURCE VOLTAGE 











ip—Drain Current— mA 
































0 0.2 0.4 
Vgs— Gate to Source Voltage—V 


INPUT AND FEEDBACK CAPACITANCE 
vs. DRAIN TO SOURCE VOLTAGE 








f=1.0 kHz 





















































—20 
Vps—Drain to Source Voltage—V 


50 


DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 





Ip—Drain Current— mA 

















O° -4 -8 -12 ~-16 
Vpg—Drain to Source Voltage—V 


FORWARD TRANSFER ADMITTANCE 
vs. ZERO-GATE VOLTAGE DRAIN CURRENT 


\ygg| Forward Transfer Admittance— mS 




















~5.0 -10 - 100 


20 
Ipsg—Zero-Gate Voltage Drain Current—mA 


—50 


NEC ELectron vevice 


DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 

















Ip— Drain Current —mA 
































—1.2 
Vps—Drain to Source Voitage—V 


GATE T.0 SOURCE CUTOFF VOLTAGE vs. 
ZERO-GATE VOLTAGE DRAIN CURRENT 





















































VGEs(offt)— Gate to Source Cutoff Voltage—V 


-5.0 —10 
Ipsg— Zero-Gate Voltage Drain Current—mA 


-20 -50 -—100 


NOISE VOLTAGE TEST CIRCUIT 


-15 V 









Gy =100 dB 





B.P.F 
f=10 Hz 
~1.0 kHz 

(at—3.0 dB) 


o NVr.m.s. 








(FLAT) 


Vos —4 V, Ilp=—1.0 mA, Rg =0, Gy =100 4B, 
f=10 Hz—1.0 kHz (at—3 dB) 


NEC N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTOR 


ELECTRON DEVICE 2 S K 4 9 


DESCRIPTION The 2SK49 is designed for use in FM tuner of a potable RADIO 











RECIVER. PACKAGE DIMENSIONS 
in millimeters (inches) 
FEATURES @ High saa 
I¥fslz (Vos = §.0V, Ves = 0) : 6.5mU TYP. Danan) 
@ Low Cyc, = 
Crss (Vps = 5.0V, Veg = 0) : 0.07 pF TYP. 33 
wo 
ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) a) 
Maximum Temperature = 
Storage Temperature .......-.----. -55 to +125°C nee. 25 
. <x Qe 
Junction Temperature ............ +80°C Maximum zs ‘os 
Maximum Power Dissipation (Ta = 25°C) = St 


Total Power Dissipation ...........-..06. 72 mW 





Maximum Voltages and Currents 


Ve6po Gate to Drain Voltage ......... -20 V 

VGso Gate to Source Voltage ........ -1.0 V 

Vosx Drain to Source Voltage ....... 20 V 1. GATE EIAJ : SC-43 
2.SOURCE JEDEC : TO-92 

Ip Drain Current ............... 10 mA 3. DRAIN 1EC : PA33 

Ig Gate Current ..... ogee ee 10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


SYMBOL CHARACTERISTIC TYP, MAX. UNIT TEST CONDITIONS 


Zero-Gate Voltage Dratin Current . Vps=5.0V, Vgs=0 
Forward Transfer Admittance 7 Vps=5.0V, Ip=0.5mA, f=1.0kHz 
Forward Transfer Admittance . Vps=5.0V, Vgs=0, f=1.0kHz 
Input Capacitance : z Vps=5.0V, Vgs=0, f=1.0MHz 
Feedback Capacitance Vps=5.0V, Vgs=0, f=1.0MHz 
Output Capacitance 2 5 Vps=5.0V, VGs=0, f=1.0MHz 
Power Gain E Vps=5.0V, Ves=0, Zin, Zout = 502 
f=100MHz, See test circuit 
Noise Figure ‘ : Vps=5.0V, Vgs=0, Zin, Zout=502 
f=100MHz, See test circuit 
IGss Gate Cutoff Current VGgs=-0.5V, Vps=0 
VGSloff) Gate to Source Cutoff Voltage .! Vps=5.0V, Ip=10uA 





Classification of Ipss 


Ipssima) | 05~1.5 | 10~3.0 | 20~6.0 


Ipss Test Conditions: Vos = 5.0V, Vgs = 0 











2SK49 


“TYPICAL CHARACTERISTICS (Ta 


TOTAL POWER DISSIPATION 
vs, AMBIENT TEMPERATURE 























P;-TOTAL POWER DISSIPATION- mw 
































0 20 40 60 80 100 
- Ta-AMBIENT TEMPERATURE-"C 


~ GATE to SOURCE CUTOFF VOLTAGE 
vs, ZERO-GATE VOLTAGE DRAIN CURRENT 


7 Tns=10uA 
1 at 
: fet baad 





Vester) GATE to SOURCE CUTOFF VOLTAGE-¥ 











0.1 0.2 0.5 1 2 5 10 
tuss- ZERO-GATE VOLTAGE ORAIN CURRENT-mA 


INPUT ADMITTANCE 
vs. FREQUENCY 









































&.,- INPUT CONDUCTANCE - mi 
b,,- INPUT SUSCEPTANCE-md 



























































3050 100 200 300 500 
f-FREQUENCY- MHz 


Ip-DRAIN CURRENT-mA 


gs FORWARD TRANSFER CONDUCTANCE - md 


25°C unless otherwise noted) 


DRAIN CURRENT 
vs. DRAIN to SOURCE VOLTAGE 














Vps-DRAIN to SOURCE VOLTAGE-V 


FORWARD TRANSFER ADMITTANCE 
vs. DRAIN CURRENT 








0.5 


lyts !-FORWARD TRANSFER ADMITTANCE-m& 















0.2 
0.05 O1 0.2 0.5 1 2 5 10 


In-DRAIN CURRENT-mA 


FORWARD TRANSFER ADMITTANCE 
vs. FREQUENCY 















































FORWARD TRANSFER SUSCEPTANCE- mS 





brs 














30 650 100 200 300 500 
{-FREQUENCY-MHz 


10 


@,,;-FEEDBACK TRANSFER CONDUCTANCE-mis 
by<- FEEDBACK TRANSFER SUSCEPTANCE-md 


NEG ettectron vevice 


DRAIN CURRENT 
vs. GATE to SOURCE VOLTAGE 























Ip-ORAIN CURRENT- mA 









































—2.0 -16 —1.2 -0.8 —0.4 0 
Vas-GATE to SOURCE VOLTAGE-V 


FEEDBACK CAPACITANCE 
vs. DRAIN to SOURCE VOLTAGE 














C,,,-FEEDBACK CAPACITANCE-pF 















































0.1 0.2 0.5 1 2 5 


Vps-DRAIN to SOURCE VOLTAGE-V 


FEEDBACK TRANSFER ADMITTANCE 
vs. FREQUENCY 


0.1 











V5=5.0V 
=O 
0.05 - 1 
—by, 
0.03 + 




















0.02 ++} t44 


0.01 : : | 

















0.005 + 
.003 cs 4 


002 








0 
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30-50 100 200 300 500 















































0.001 


t- FREQUENCY-MHz 


Gos “OUTPUT CONDUC TANCE- mS 
bo. OUTPUT SUSCEPTANCE - m5 


NF NOISE FIGURE dB 


G,. POWER GAIN dB 


N. E Cc ELECTRON DEVICE 


OUTPUT ADMITTANCE 
vs. FREQUENCY 
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30 50 «100 ©—.200 300 500 
f-F REQUENCY-MHz 


POWER GAIN and NOISE FIGURE 
vs. SOURCE RESISTANCE 
































ot aft Peart 
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Ri; SOURCE RESISTANCE $2 


2SK49 












































POWER GAIN and NOISE FIGURE POWER GAIN 
vs. ZERO-GATE VOLTAGE DRAIN CURRENT vs. GATE to SOURCE VOLTAGE 
UF oe - 25 T 
Vos=5.0V Zin,out = 502 
| ites {= 100MHz 
\ Test_circuit : Zins Zou: =500 
2 ie Pa 1 {=100MHz 
a | Test circuit 
av if 2 
Pw 20 44 ° 
Ze : : z 
33 Pali 3 
ing i 
& w 15 +4 Fa 
=o | | = 
zs lois & 
de 0 é 
| 
























































-0.4 — 0.6 — 0.8 —1.0 





Ings ZERO-GATE VOLTAGE DRAIN CURRENT: mA Vix GATE to SOURCE VOLTAGE: V 


NOISE FIGURE and POWER GAIN 
TEST CIRCUIT ( f = 100 MHz) 


\OOMHz Gps, NF SER 
rT, 


eee a 


IN 6p J 
5082 -- —— ae { a 
F | 





| 
| 3 


Pens re 


Ves Vpp: 5.0V 


5p 


1000p 
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NEC N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTOR 


ELECTRON DEVICE 2 Ss K6 S 


DESCRIPTION The 2SK68 is designed for use in driver stage of AF amplifier. 
PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES ®@ High voltage, high |Yfs| and wide dynamic range a ’ 
0.204MAX. 
V6epo > - SOV, lYfsl (Vpsg = 10V, Veg =0) : 12 MUTYP. 
@ Low leakage current :—+ 


loss <-1.0nA (V6s =-20V) 


5.5MAX. 
(0.216MAX. ) 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Maximum Temperatures 






12.7MIN 
(0.5 MIN.) 





Storage Temperature ............. -55 to +125°C 2.54 ox 
; ° ' (0.10) Looe. 

Junction Temperature .......... +125 C Maximum 127 KS 

: st oA Ste (0.05 aS 
Maximum Power Dissipation (Ta = 25°C) ?) on 











a 

Total Power Dissipation .............. 250 mW zs 

Nw 

Maximum Voltages and Currents +o 
Vepo Gate to Drain Voltage ........ -50 V 

1, DRAIN EIAJ : SC-43 

Vcso Gate to Source Voltage .-...--.- -50 V 2. GATE JEDEC : TO-92 

: 3. SOURCE lEC : PA33 
Vosx* Drain to Source Voltage .....- 50 V 
Ip Drain Current’ (sc paige tna 20 mA 
Ig Gate Current. i sé. eau waning « 10 mA 


*V6s = -2.0 V 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


SYMBOL CHARACTERISTIC é . TEST CONDITIONS 


ipss Zero-Gate Voltage Drain Current Vps=10V, Vgs=0 
\¥fsl, Forward Transfer Admittance Vps=10V, Ip=0.5mA, f=1.0kHz 
\Yfs!, Forward Transfer Admittance Vps=10V, Vgs=0, f=1.0kHz 


Ciss Input Capacitance Vps=10V, Vgs=0, f=1.0MHz 
Cr Feedback Capacitance A Vps=10V, VGs=0, f=1.0MHz 
IGss Gate Cutoff Current VGgs=-20V, Vps=0 
VGS(off) Gate to Source Cutoff Voltage F F Vps=10V, Ip=10uA 





Classification of Ipss 


Rank K 1 
IpssimA) 0.5 — 1.5 1.0 — 3.0 


Ipsg_ Test Conditions : Vps = 10V, Vgsg = 0 
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2SK6S NEC: eectron vevice 


TYPICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 











TOTAL POWER DISSIPATION DRAIN CURRENT vs. DRAIN CURRENT vs. 
vs. AMBIENT TEMPERATURE DRAIN TO SOURCE VOLTAGE DRAIN TO SOURCE VOLTAGE 
300 
Free air 
= 250 




















i 
c=) 
Ss 



































--Drain Current—mA 
Ip—Drain Current—mA 
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Py—Total Power Dissipation—m 
~ 
on 
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[J 
0 25 50 75 100 125 150 0 10 20 30 40 50 0 0.1 0.2 0.3 0.4 0.5 
Ta~—Ambient Temperature — °C Vos—Drain to Source Voltage—V Vos—Orain to Source Voltage —V 
DRAIN CURRENT vs. DRAIN CURRENT vs. FORWARD TRANSFER ADMITTANCE 
DRAIN TO SOURCE VOLTAGE GATE TO SOURCE VOLTAGE vs. GATE TO SOURCE VOLTAGE 


Ce] 
eta ilesfe Te 








aa 
Bi 


: 
| 
aan 
BS 


lp—Drain Current— mA 











ip—Drain Current— uA 








RCD 


lyis! ~Forward Transfer Admittance ~mo 









































NCCE 

pease 

ACNCEC 

“NCC 
BBS 


‘ -1.2 -1 —0.2 0 -1.0 -0.8 ~0.6 -0.4 ~02 0 
Vos—Drain to Source Voltage - mV Ves—Gate to Source Voltage—V Ves—Gate to Source Voltage—V 
FORWARD TRANSFER ADMITTANCE FORWARD TRANSFER ADMITTANCE GATE TO SOURCE CUTOFF VOLTAGE vs. 
vs. DRAIN CURRENT vs. ZERO-GATE VOLTAGE DRAIN CURRENT ZERO-GATE VOLTAGE DRAIN CURRENT 
































































































































lyis| Forward Transfer Admittance—m&d 
lys! Forward Transfer Admittance —m@ 
Vesotty —Gate to Source Cutoff Voltage —V 













































































































































































1 1 -0. 
0.10.2 05 1 2 5 10 20 50 100 0.10.2 #05 1 2 5 10 20 50 100 0.40.2 O05 1 2 5 10 20 50 100 
Ip—Drain Current—mA {oss~ Zero - Gate Voltage Drain Current—mA lpss— Zero - Gate Voltage Drain Current-—mA 
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NEC ttectaon oevice 


ON RESISTANCE 


vs, ZE 


Ro—On Resistance —Q 


















































RO-GATE VOLTAGE DRAIN CURRENT 

1000 = = Vpe=0.1V 
Ves=0 

500 

200}-—+-+-+ +4 +— 

100 ze 

50 

20 

10 






























































0.102 05 1 2 5 10 20 50 100 
loss Zero ~ Gate Voltage Drain Current—mA 


INPUT AND FEEDBACK CAPACITANCE 
vs. DRAIN TO SOURCE VOLTAGE 


100 




















Ciss— Input Capacitance — pF 
Crss — Feedback Capacitance — pF 


























50 100 


Vps—Drain to Source Voltage—V 


2SK68 


NEC 


ELECTRON DEVICE 


DESCRIPTION 


amplifier. 


FEATURES @ Low Noise Figure 


NF (Vpg = 10V, Vgg = 0, Rg = 10kQ, f=10Hz) : 1.0 dB TYP. 


® High Voltage, High |Yfs|, and Wide Dynamic Range 
Vepo-> -5OV, I¥fsl (Vpg = 10V, Veg = 0) 
® Low Leakage Current 


less< -1.0nA (Ves = -20V) 


N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTOR 


2SK68A 


The 2SK68A is designed for use in driver stage of AF low noise 


PACKAGE DIMENSIONS 


in millimeters (inches): ‘ 


5.2MAX. 
(0.204MAX. ) 
————| 


> 12 m@ryP. 


5.5MAX. 
(0.216MAX.) 





















(0.02) z2 
ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) A er 
4 aD 
Maximum Temperatures zg ~ 
=a_t 
Storage Temperature... .......... -55 to +125°C ns 
Junction Temperature .......... +125°C Maximum ies 
x t 
Maximum Power Dissipation (Ta = 25°C) 35 
Total Power Dissipation .............. 250 mW A *S 
Maximum Voltages and Currents 
Vepo Gate to Drain Voltage ......... -50 V eet MEOH oaoee 
Veso Gate to Source Voltage ....... -50 V Se OUREE xEC Cae 
Vpsx* Drain to Source Voltage ....... 50 V 
Ip Drain Current .............. 20 mA 
Ig Gate Current .............. 10 mA 


"Vos = -2.0 V 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


SYMBOL CHARACTERISTIC TYP, 


Zero-Gate Voltage Drain Current 
Forward Transfer Admittance 
Forward Transfer Admittance 
Input Capacitance 

Feedback Capacitance 

Noise Figure 

Noise Figure 

Noise Figure 

Noise Voltage 

Gate Cutoff Current 

Gate to Source Cutoff Voltage 


IGss 
VGS(off) 


Rank 





iDSS(mA) 


Ipss Test Conditions: Vpg = 10V, Ves = 0 
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MAX. UNIT 





TEST CONDITIONS 
Vps=10V, Vgsg=0 
Vps=10V, Ip=0.5mA, f=1.0kHz 
Vps=10V, Vgg=0, f=1.0kHz 
Vps=10V, Vgs=0, f=1.0MHz 
Vps=10V, Vggs=0, f=1.0MHz 
Vps=10V, Vgs=0, RG=1.0k2, f=10Hz 
Vps=10V, Vgs=0, RG=1.0k2, f=100Hz 
Vps=10V, Vgs=0, RG=1.0k2, f=1.0kHz 
See test circuit 
Vgs=-20V, Vps=0 
Vps=10V, Ip=10HA 


2SK68A NE’ 




























































































































































































































































































ELECTRON DEVICE 
TYPICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 
TOTAL POWER DISSIPATION DRAIN CURRENT vs. DRAIN CURRENT vs. 
vs. AMBIENT TEMPERATURE DRAIN TO SOURCE VOLTAGE DRAIN TO SOURCE VOLTAGE 
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Ta—Ambient Temperature -ct Vpg— Drain to Source Voltage -V Vps 7 Drain to Source Voltage —V 
DRAIN CURRENT vs. DRAIN CURRENT vs. FORWARD TRANSFER ADMITTANCE 
DRAIN TO SOURCE VOLTAGE GATE TO SOURCE VOLTAGE vs. GATE TO SOURCE VOLTAGE 
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vs. DRAIN CURRENT vs. ZERO-GATE VOLTAGE DRAIN CURRENT ZERO-GATE VOLTAGE DRAIN CURRENT 
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Rax — On Resistance ~ (2 


IVEL™ ELECTRON DEVICE 


ON RESISTANCE 
vs. ZERO-GATE VOLTAGE DRAIN CURRENT 
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lnss ~Zero Gate Voltage Drain Current—mA 


NOISE FIGURE vs. FREQUENCY 





NF —Noise Figure -—dB 











10k 


100k 
f--Frequency—Hz 


C,,,— Input Capacitance — pF 






INPUT AND FEEDBACK CAPACITANCE 
vs. DRAIN TO SOURCE VOLTAGE 





C,,,— Feedback Capacitance — pF 








0.5 1 2 § 
Vps—~ Drain to Source Voltage —V 


10 20 50 100 


NOISE VOLTAGE TEST CIRCUIT 


+15V 


Nes F6~7V. Ty O.5mA, Re = 2.0kQ 
A 


Band Pass 
Filter 


f= 10Hz ~1.0kH2 
fat Vo=~3.0¢B) 






o NV (rms.) 


Ve, =100dB 
l FLAT 


17 


NF —Noise Figure ~ dB 





2SK68A 


NOISE FIGURE vs. 


. FREQUENCY 
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10k 
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NEC 


ELECTRON DEVICE 


DESCRIPTION The 2SK104 is designed for use in 


RF amplifier and AF amplifier. 


N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTOR 


2SK104 


analog-switch, variable-resistor, 
PACKAGE DIMENSIONS 


in millimeters (inches) 






































ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) neovinen 
Maximum Temperature 
Storage Temperature............., -55 to +125°C S 
Junction Temperature ...... . +125°C Maximum 3é 
Maximum Power Dissipation (Ta = 25°C) BS 
Total Power Dissipation... ..........0.0. 250 mW aE 
Maximum Voltages and Currents ge 
Gate-Drain Voltage VGDOo8 eo hehe -30 V NE 
Gate-Source Voltage Ves0 25 coecetas -30 V aa 
Drain-Source Voltage Vosx* 2. eee 30 V 5 
Drain Current let ela fees 20 mA 25 
Gate Current 1628. Ake oe ek 10 mA ie 
*Vgg=-5.0V 
1. GATE EIAJ : S$¢-43 
2.SOURCE JEDEC: To-92 
3. DRAIN IEC —-: PA33 
ELECTRICAL CHARACTERISTICS (Ta = 25°C) 
peter 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
loss Gate Cutoff Current -1.0 nA VGs=-30V, Vpsg=0 
loss Zero-Gate Voltage Drain Current 0.5 2.5 12 mA Vps=5.0V, VGs=0 
VGSloff) Gate to Source Cutoff Voltage -0.25 -1.1 -4.5 Vv Vps=5.0V, Ip=10KA 
lYegl4 , Forward Transfer Admittance 1.5 2.1 my Vpg=5.0V, Ip=0.5mA, f=1.0kHz 
lYeglo Forward Transfer Admittance - 1.5 44 mu Vps=5.0V, VGs=0, f=1.0kHz 
Ciss Input Capacitance 4.1 6.0 pF Vps=10V, VGs=0, f=1.0MHz 
Crss Feedback Capacitance 0.9 1.3 pF Vps=10V, VGs=0, f=1.0MHz 
Classification of Ipss 





Ipssg Test Conditions : 


Vos =5.0V, VGs=0 
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2SK104 NEC ttectron vevice 


TYPICAL CHARACTERISTICS (Ta= 25°C unless otherwise noted) 


TOTAL POWER DISSIPATION DRAIN CURRENT DRAIN CURRENT 
vs. AMBIENT TEMPERATURE vs. DRAIN TO SOURCE VOLTAGE vs. DRAIN TO SOURCE VOLTAGE 
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Ta—Ambient Temperature—°C Vos — Drain to Source Voltage -V Vos — Drain to Source Voltage-—V 
DRAIN CURRENT : DRAIN CURRENT DRAIN CURRENT 
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FORWARD TRANSFER ADMITTANCE FORWARD TRANSFER ADMITTANCE FORWARD TRANSFER ADMITTANCE 
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Ves —Gate to Source Voltage—V Ta —Ambient Temperature— °C 1p —Drain Current ~ mA 





NEC ttectron vevice - 


GATE TO SOURCE CUTOFF VOLTAGE 


vs. ZERO-GATE VOLTAGE DRAIN CURRENT 





Ip=10«A 














Cutoff Voltage—V 

























































































Ves loff )— Gate to Source 


05 1 2 5 10 


loss — Zero-Gate Voltage Drain Current — mA 


INPUT ADMITTANCE 
vs. FREQUENCY 


) 


Qo 
fo} 


— Input Conductance — m? 
— input Susceptance — m2 
(= 



































200 500 


f — Frequency — MHz 


OUTPUT ADMITTANCE 
vs. FREQUENCY 












































80s —Output Conductance — Md 
bos —Output Susceptance — m2 

















f — Frequency —MHz 




















FORWARD TRANSFER ADMITTANCE 
vs. ZERO-GATE VOLTAGE DRAIN CURRENT 


- Forward Transfer 


lyist 


rs ~ Feedback Transfer Conductance—m?) 
brs ~ Feedback Transfer Susceptance — m2 


g 


Admit tance — mz 





























0.5 1 2 5 10 
loss ~ Zero-Gate Voltage Drain Current — mA 


FEEDBACK TRANSFER ADMITTANCE 
vs. FREQUENCY 























f — Frequency — MHz 


an 


Ciss— Input Capacitance — pF 


gs — Forward Transfer Conductance —m@ 
bts — Forward Transfer Susceptance 


Crss — Feedback Capacitance — pF 


2SK104 


INPUT AND FEEDBACK CAPACITANCE 
vs. DRAIN TO SOURCE VOLTAGE 


—mo 























































































































0.102 #05 1 2 
Vos—- Drain to Source Voltage -—V 


FORWARD TRANSFER ADMITTANCE 
vs, FREQUENCY 
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100 =. 200 500 


f — Frequency — MHz 


NEC N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTOR 


ELECTRON DEVICE 2 S K 1 O 5 


DESCRIPTION The 2SK105 is designed for use in analog-switch, variable-resistor 
and AF amplifier. PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2MAX. 


(0.204MAX. ) 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 




















Maximum Temperature > x 
Storage Temperature ............... ~55 to +125°C z= 
Junction Temperature ............ +125°C Maximum = 
Maximum Power Dissipation (Ta = 25°C) 
Total Power Dissipation ...............0. 250 mW a 
Maximum Voltages and Currents 33 
Gate-Drain Voltage VGDO- 260 we ee Gres -50 V Ss 
Gate-Source Voltage VGS0. eee es acted -50 V 
Drain-Source Voltage Voex Si ihase weet: 50 V 
Drain Current [Dei Age teehee g 20 mA 
Gate Current IG cat cdreds gt reper eas 10 mA qc epiyes Mieuie 
"Vos-50V ies eee 
ELECTRICAL CHARACTERISTICS (Ta = 25°C) 
| SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS | 
loss Gate Cutoff Current ~1.0 nA VGs=-30V, Vps =0 
Ipss Zero-Gate Voltage Drain Current 0.5 2.5 12 mA Vps =5.0V, Ves =0 
VGSloff) Gate to Source Cutoff Voltage -0.25 -1.1 -~4.5 Vv Vps = 5.0V, Ip = 10uA 
1 ¥¢5 [3 Forward Transfer Admittance 1.5 2.1 mi Vps =5.0V, Ip =0.5mA, f=1.0kHz 
lY¢5 l2 Forward Transfer Admittance 1.5 4.1 mu Vos = 5.0V, Ves =0, f= 1.0kHz 
Ciss Input Capacitance 4.1 6.0 pF Vps=10V, Veg =0, f = 1.0MHz 
Crss Feedback Capacitance 0.9 1.3 pF Vps = 10V, Ves =9, f = 1.0MHz 











Classification of Ipss 


| Rank E F H J 
| !pssima) 05-15 | 10-30 | 20-60 | 40-12 


Ipss Test Conditions : Vpg=5.0V, Vgg=0 
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2SK105 


TYPICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted ) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 












































Pr— Total Power Dissipation— mW 





0 25 50 5 100 «#125 ~=150 
Ta— Ambient Temperature — °C 


DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 


lo— Drain Current — nA 











Vos— Drain to Source Voltage ~ mV 


FORWARD TRANSFER 
ADMITTANCE vs. 
DRAIN CURRENT 

































































lyfgl -iForward Transfer Admittance— mo 


O01 02 05 1 2 5 10 
lo— Drain Current — mA 


lo— Drain Current —mA 





DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 
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Vos— Drain to Source Voltage— V 





DRAIN CURRENT vs. 
GATE TO SOURCE VOLTAGE 














lo— Drain Current — mA 


























=24 -20 -16 =—12 —-—08 —04 0 


Voes(off)— Gate to Source Cutoff Voltage—V 


Ves — Gate to Source Voltage — V 


GATE TO SOURCE CUTOFF 
VOLTAGE vs. ZERO-GATE 
VOLTAGE DRAIN CURRENT 






















































































05 1 2 5 10 20 


Ipss — Zero-Gate Voltage Drain Current — mA 
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NEC etuectron oevice 


DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 
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fe 





























Vos— Drain to Source Voltage -—V 


FORWARD TRANSFER 
ADMITTANCE vs. GATE 
TO SOURCE VOLTAGE 

















—2.4 


lyfsl - Forward Transfer Admittance —m?j 

















\yts! —i Forward Transfer Admittance — m@ 


-20 ~-16 -12 -08 -04 0) 
Ves— Gate to Source Voltage-—V 


FORWARD TRANSFER 
ADMITTANCE vs. ZERO-GATE 
VOLTAGE DRAIN CURRENT 









































Ipss — Zero-Gate Voltage Drain Current — mA 


Ni E Cc ELECTRON DEVICE 


Ciss— Input Capacitance — pF 


INPUT AND FEEDBACK CAPACITANCE 
vs. DRAIN TO SOURCE VOLTAGE 


Ves =0 
f = 1.OMHz 























Crss-~- Feedback Capacitance ~pF 





















































0102 05 1 2 5 10 20 


Vos— Drain to Source Voltage —V 
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2SK105 





NEC N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTOR 


ELECTRON DEVICE 2 SK 6 2 


DESCRIPTION The 2SK 162 is designed for use in the first stage for Low 
Noise Amplifier. PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
FEATURES © High I¥¢,| (0.204 MAX.) 


Wysl=45 mS TYP. @ Vog=5.0 V, Ip =5.0 mA, ae 
f= 1.0 kHz 


























—{ _ 
@ Low Noise x3 
en = 0.65 nVA/Hz = @ Vpg =5.0 V, Ip =5.0 mA, ae 
f= 1.0 kHz ae) 
i 0.5 i. 
tl (0.02) sz 
ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) | | 2 [Re 
Maximum Temperatures 2.54 mr ogee ial 
Storage Temperature ............... —55 to +125 °C ee Rs 
Junction Temperature ............ +125 °C Maximum iG.Re) = x 
Maximum Power Dissipation (Ta = 25 °C) 22 
Total Power Dissipation................. 400 mW aa 
Maximum Voltages and Currents ys 
VGpo Gate to Drain Voltage .......... -40 V y oe ae Se 
Veso Gate to Source Voltage ......... -40 V 3. SOURCE IEC : PASS 
Vpsx * Drain to Source Voltage ........ 40 Vv 
Ip Drain Current .............0. 50 mA 
lg Gate Current ................ 10 mA 
*VGgs=-2.0 V 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
| SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS | 
Ipss Drain Current 5.0 18 30 mA Vps=5.0 V, Vgg=0 
NF Noise Figure 1.1 2.5 dB Vps=5.0 V, Ip=5.0 mA, Rg=100 2, 
f=100 Hz 
\Yest, Forward Transfer Admittance 40 45 ms Vps=5.0 V, Ip=5.0 mA, f=1.0 kHz 
\Yesl, Forward Transfer Admittance 40 mS Vps=5.0 V, Vgsg=0, f=1.0 kHz 
NV Noise Voltage 35 mV See Test Circuit 
Cjsg Input Capacitance 55 pF Vps=10 V, Vgs=0, f=1.0 MHz 
Crsg Feedback Capacitance 10 pF Vps=10 V, Vgs=9, f=1.0 MHz 
IGss Gate Cutoff Current -1.0 nA VGgs=-20 V, Vps=0 
VGSloff) Gate to Source Cutoff Voltage 1.2 Vv Vps=5.0 V, Ip=10 uA | 








Classification of Ipgs 
SS SS a 
Ipssima) | 5.0-12 | 11-18 17-24 23 —30 


lpsg Test Conditions: Vps=5.0 V, Vgg=0 


2SK162 NEC etectron vevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 
























































































































































































































































TOTAL POWER DISSIPATION vs. DRAIN CURRENT vs. FORWARD TRANSFER ADMITTANCE 
AMBIENT TEMPERATURE GATE TO SOURCE VOLTAGE vs. DRAIN CURRENT 
600 € 1000 
= : : Vp¢=5.0 V 
€ Free Air 500 osS~?: 
I 3 f=1.0 kHz 
& 500 2 ~ 
oO o 
3S < + 200R—+ | 
a E — 
“a 400 | so 100 = tt 
xa) Rs < 
a o + 50 = 
a 7 
a . 
a ? S 20 2a a 
B20 s 5 10 : 
os =~ ao] 
2 7 & 5.0 4 
! 100 2 = C] 
a © 20} | 
~o 1.0 
0 25 S078 100126150 i! 5 x 0102 05 1020 5.0 10 20 50 100 
Ta—Ambient Temperature — °C 0.6 -0.5 -04 -0.3 -0.2 -0.1 0 Ip—Drain Current —mA 
Vgg—Gate to Source Voltage—V 

FORWARD TRANSFER ADMITTANCE vs. GATE TO SOURCE CUTOFF VOLTAGE vs. INPUT AND FEEDBACK CAPACITANCE 
DRAIN CURRENT (CORRELATIVITY) DRAIN CURRENT (CORRELATIVITY) vs. DRAIN TO SOURCE VOLTAGE 
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Ciss —Input Capacitance — pF 
Crsg5—Feedback Capacitance —pF 






















































































VGs(oft)~ Gate to Source Cutoff Voltage —V 





lyggl—Forward Transfer Admittance — 


Ipgg —Drain Current —mA a era Vos —Drain to Source Voltage —V 


1.0 
5.0 10 50 ~=-:100 10 2.0 5.0 10 20 50 =:100 


NOISE VOLTAGE TEST CIRCUIT 









O NVir.m.s.) 





Band Pass 
Filter 


f =100 Hz~1.0 kHz 
(at Ve=—3.0 dB) 


Vg=120 dB 
FLAT 





EC N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTOR 


ELECTRON DEVICE | 2 S K 1 6 3 


DESCRIPTION The 2SK163 is designed for use in the first stage for AF Low 


Noise amplifier. PACKAGE DIMENSIONS 
in millimeters (inches) 
FEATURES @ Low Equivalent Noise Voltage. 5.2 MAX. 
(0.204 MAX.) 


en =1.3 nV/VHz TYP. (Vps=10 V, Ip =1.0 mA, f=1.0 kHz) 
@ High Voltage and High |Y¢.| 



























Vpsx> 50 V (Ves =-2.0 V) 23 
l¥¢,1>7.0 mS (Vpg = 10 V, Ip =1.0 mA, f=1.0 kHz) aie 
wN 
3 
ABSOLUTE MAXIMUM RATINGS —— = 
0.45 
Maximum Temperatures (0018) [22 
= 
Storage Temperature .............5. —55 to +125 °C 2 [Sia 
7 ° 2 a $ “2 
Junction Temperature ........... +125 -C Maximum 2.54 = | 
- Sat Sade (0.10) 
Maximum Power Dissipation (Ta=25 °C) 1.27 88 
Total Power Dissipation...............04 400 mW i008) oe x 
== 
Maximum Voltages and Currents (Ta =25 °C) = 2 
oo 
Vepo Gate to Drain Voltage .......... -50 V <4 
te to ree Voltage ......... = 1. DRAIN EIAJ : SC-43 
V6so Gate to Source Voltage 50 #V B GATE jeGEe Fane 
Vpsx”* Drain to Source Voltage ........ 50 2V 3.SOURCE IEC : PA33 
Ip Drain Current..............0- 30 mA 
Ig Gate Current ................ 10 mA 
* Ve6s=- 2.0 V 

ELECTRICAL CHARACTERISTICS (Ta=25 °C) 

L SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS | 
Ipss Drain Current 1.0 8.0 18 mA Vps =10 V, Veég=0 | 
en Equivalent Noise Voltage 1.3 nv/./Hz Vos =10 V, Ip =1.0 mA, f =1.0 kHz 
\esl, Forward Transfer Admittance 7.0 9.0 mS Vps=10 V, Ip =1.0 mA, f=1.0 kHz 
esl, Forward Transfer Admittance 7.0 ms Vps=10 V, Vgg =O, f =1.0 kHz 
NV Noise Voltage 20 mV See test circuit 
Cis Input Capacitance 15 pF Vps=10 V, Ip =1.0 mA, f =1.0 MHz 
Crs Feedback Capacitance 6.0 pF Vps=10 V, Ip =1.0 mA, f =1.0 MHz 
loss Gate Cutoff Current -1.0 nA VGs=—-20 V, Vps=0 
VGSloff) Gate to Source Cutoff Voltage -0.2 —1.2 Vv Vps=10 V, Ip=10 uA | 





Classification of Ipss 


Rank K L M N 
Ipssima) 1.0-6.0 5.0—10 9.0—14 13-18 


Ipss Test Conditions: Vpg=10 V, Vgsg=0 
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2SK163 NEC etectron vevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 
































































































































TOTAL POWER DISSIPATION vs. DRAIN CURRENT vs. FORWARD TRANSFER ADMITTANCE 
AMBIENT TEMPERATURE GATE TO SOURCE VOLTAGE vs. DRAIN CURRENT 
600 € 100 
i 
= 
= 500 Me g 5 
[ 
, as 4 8 
S 400 5 2 
a J 
. oO 
g a af 4 c e 
© 200 = > 50 
3 aa pg 
a=) fo} 
100 Raa. 2, 
t naEe so LUI TLE ELT 
Pe 2 90. 18 YOO, 2h) 0 ID 0B 06 04 =O ~ -O 2 “0102 05 1020 50 10 20 50 100 


Ta— Ambient Temperature — °C Ves — Gate to Source Voltage — V Ip. Drain Current — mA 


GATE TO SOURCE CUTOFF VOLTAGE vs. FORWARD TRANSFER ADMITTANCE vs. 
DRAIN CURRENT (CORRELATIVITY) DRAIN CURRENT (CORRELATIVITY) 


















Tt oH 
vol LUI TIE TTT 


.1 : 
0.102 05 10 20 50 10 20 50 100 0.102 05 1.0 20 50 10 20 50 100 
Ipsg — Drain Current — mA Ipsg —Drain Current —mA 






















































































|¥¢sl — Forward Transter Admittance — mS 


VGs(off) — Gate to Source Cutoff Voltage — V 


NOISE VOLTAGE TEST CIRCUIT 


+15 V 


1k Vp56 ~7 V, Ilp=05 mA, Rg=10 kQ 
+ £115 k 


f=10 Hz~10 kHz | 
(at Vg=~30 dB) 





E C N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTOR 


ELECTRON DEVICE 2 S K1 94 


DESCRIPTION The 2SK194 is designed for use in the first stage for 
differential amplifier. 


PACKAGE DIMENSIONS 
Especially recommended Hi-Fi STEREO SETS. \ 









(Unit : mm) 
FEATURES ® Super-Low Noise 
e, =0.65 nV//Hz TYP. @ Vps=5.0 V, 2-6 MAX. EB te 
Ip =5.0 mA, f= 1.0 kHz : 
© High v;,! 3 
Ve, 1= 45 mS @ Vps=5.0 V, Ip =5.0 mA, 
f= 1.0 kHz c 
®@ Excellent pair balance 5 
AVg6s = 20 mV MAX. z 
V,! Ratio=0.95 MAX. ° 
@ Vos =5.0 V, Ip =5.0 mA = 
* ABSOLUTE MAXIMUM RATINGS (Ta= 25 °C) 
a Maximum Temperatures 
Storage Temperature ..............00000005 —55 to +125 °C 
Junction Temperature ................0-- +125 °C Maximum 
Maximum Power Dissipation 
Total Power Dissipation... .............000 0085 400 mW/Unit 
Maximum Voltages and Currents 
V6po Gate to Drain Voltage ...............00. -40 V 1. Source 1 4. Drain 2 
Vc6so Gate to Source Voltage ...........-.... -40 V a See = Sie e 
Vosx* Drain to Source Voltage ............... 40 V ; 
Ip Drain GCarrent: 20004 i004 tach a pe ees 50 mA 
Ig Gate Current ...... 0... ce eee ee ee eee 10 mA 
*Vgs =—3.0 V 


ELECTRICAL CHARACTERISTICS (Ta=25 °c) 
SYMBOL CHARACTERISTIC’ : : TEST CONDITIONS 
Ipss Drain Current 5.0 Vps=5.0 V, Vgs=0 


Ipssis) Vps=5.0 V, Vgsg=0 
'DSs(L) lpssis)/'pss(L)* 
Veg | Forward Transfer Admittance 40 Vps=5.0 V, Ip =5.0 mA, f=1.0 kHz 


Yes - 3 7 
ae! Forward Transfer Admittance Ratio 0.95 , ie al ID 5.0 mA, f= 1.0 kHz 
Vesl(uy ts\(s)/!Yeskiy 


P Vps =5.0 V, Ip =5.0 mA 
AV Gate to Source Voltage Difference A 

ee : AVGs=Ve@siL)-Vasis)* 
NV Noise Voitage See Test Circuit 


Cisg Input Capacitance Vps=10 V, V6s=0, f =1.0 MHz 
Crss Feedback Capacitance Vps=10 V, Vgsg=0, f=1.0 MHz 
VGSloff) Gate to Source Cutoff Voltage Vos 75.0 V, Ip =10 vA 

less Gate Cutoff Current — VGs=—20 V, Vps=0 

»{S) : The Smailer Value, (L) : The Larger of pair 






Drain Current Ratio 0.9 


Classification of Ipgss 


me ee 


ipsg Test Conditions : Vps=5.0 V, Vgg=0 
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2SK194 NEC ttectron oevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


















































































































TOTAL POWER DISSIPATION vs. DRAIN CURRENT vs. FORWARD TRANSFER ADMITTANCE 
AMBIENT TEMPERATURE GATE TO SOURCE VOLTAGE vs. DRAIN CURRENT 
4 
600 2 g 
= I 
F500 * 8 
s < £ 
S400 $s 
q 6 a x 
a 
a 2s z 
2 Oo 
2 § © 
= 200 3 2 
Ld g 
00 2 = 
1 2 
o cl 
0 2 “0.10.2 0.5 1.02.0 5.0 10 20 50 100 
Ta—Ambient Temperature —°C 0.6 —0.5 0.4 -0.3 -0.2 'p—Drain Current—mA 
Vgs—Gate to Source Voltage—V 
FORWARD TRANSFER ADMITTANCE GATE TO SOURCE CUTOFF VOLTAGE vs. OUTPUT AND FEEDBACK CAPACITANCE 


vs, ORAIN CURRENT (CORRELATIVITY) DRAIN CURRENT (CORRELATIVITY) vs. DRAIN TO SOURCE VOLTAGE 























Coss~-Output Capacitance — pF 
Crsg—Feedback Capacitance — pF 





































































































~0.1 


1.0 2.0 100 


0 2,0 5.0 10 20 50 100 
ae tee Current—mA Vps~—Drain to Source Voltage ~V 


l¥fgi— Forward Transfer Admittance —mS 





VGS(off)—Gate to Source Cutoff Voltage—V 


Ipss —Drain Current—mA 


NOISE VOLTAGE TEST CIRCUIT 





Band Pass 
NV(r.ms.) 
f=100 Hz~1.0 kHz 
(at Vg=—3.0 dB) 








Vg =120 dB 
FLAT 
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NEC N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTOR 


ELECTRON DEVICE 2 S K 1 9 5 | 


DESCRIPTION The 2SK195 is designed for use in FM tuner of a potable 
radio receiver. PACKAGE DIMENSIONS 


in millimeters (inches) 




























i . 5.2 MAX. 
FEATURES e High esly : 3.5 mS TYP. (0.204 MAX.) 
(Vps = 5.0 V, Ip =0.5 mA, f= 1.0 kHz) 
® Low Cre, : 0.07 pF TYP. ‘on 
5 
(Vps = 5.0 V, Ves =0) z S 
oo 
on 
ABSOLUTE MAXIMUM RATINGS S 
F 0.45 
Maximum Temperatures , | (0.018) Ze 
Storage Temperature .............-. —55 to +125 “C ee ile, = 
>< a2 
Junction Temperature ............ +125 °C Maximum xe [We 
2.54 Sot 
Maximum Power Dissipation (Ta = 25 °C) tow RS 
Total Power Dissipation. ................ 250 mW (0.05) Ca te 7 as 
xa 
Maximum Voltages and Currents (Ta=25 °C) a} —t- fh S= 
wo 
VG6po Gate to Drain Voitage .......... -20 V 5 
Ve6so Gate to Source Voltage ......... -1.0 V 
i 1. GATE EIAJ : $C-43 
Vpsx Drain to Source Voltage ........ 20 V 2.SOURCE JEDEC : TO-92 
: eS 3. DRAIN 1EC : PA33 
Ip Drain Current. .........0.0006 10 mA 
lg Gate Current .............00- 10 mA 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS | 
= 
lpss Zero-Gate Voltage Drain Current 0.5 2.5 8.0 mA Vps=5.0 V, Vgs=0 
eel, Forward Transfer Admittance 2.3 3.5 mS Vps=5.0 V, Ip=0.5 mA, f=1.0 kHz 
esl Forward Transfer Admittance 2.3 ms Vps=5.0 V, Ip=0.5 mA, f=1.0 kHz 
Ciss Input Capacitance 5.0 6.5 pF Vps=5.0 V, Vgs=0, f=1.0 MHz 
Crgs Feedback Capacitance 0.07 0.25 pF Vps=5.0 V, Vgs=0, f=1.0 MHz 
Coss Output Capacitance 45 6.0 pF Vps=5.0 V, Vgs=9, f=1.0 MHz 
Gps Power Gain 13 21 dB Vps=5.0 V, Vgs=9, Zin, Zour 750 2 
f=100 MHz, See test circuit 
NF Noise Figure 3.0 6.0 dB Vps=5.0 V, Vgs=0, Zin, Zour =50 2 
f=100 MHz, See test circuit 
loss Gate Cutoff Current —100 nA VGs=—0.5 V, Vps=0 
VGSloff) Gate to Source Cutoff Voltage -2.5 Vv Vps=5.0 V, Ip=10nA 








Classification of Ipss 








IpssimA) 05-15 1.0-—3.0 2.0 —6.0 4.0—8.0 
lpsg Test Conditions: Vpg =5.0 V, Vgg=0 


Rank E F H J 





2SK195 NEC etectron pevice 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


GATE TO SOURCE CUTOFF 








































































































































































































































































TOTAL POWER DISSIPATION DRAIN CURRENT vs. VOLTAGE vs, ZERO-GATE VOLTAGE 
vs. AMBIENT TEMPERATURE GATE TO SOURCE VOLTAGE >DRAIN CURRENT 
300 6.0 | -10 
2 bis. Air Vos= a OV aan ® 
* 250 HE 5.0 © -5.0 
7 Poe = 
: Vi,ot 2 
® 200 4.05 & -2.0 
Z 5 8 
> 150 =f Dea 5 -1.0 
a2 100 205 £ -0.5 
a ov 
. 2 3 
* 80 1.0 tL -0,2 
c 6 
om ~O,) 
0 2 50 75 100 125 150 1.2 -1.0 OE. ae -0.4 re 0 LL 0.1 0.2 05 1.0 20 5.0 10 
Ta—Ambient Temperature—°C Veg—Gate to Source Voltage—V Ipss— Zero-Gate Voltage Drain Current—mA 
FORWARD TRANSFER ADMITTANCE FEEDBACK CAPACITANCE vs. 
vs. DRAIN CURRENT DRAIN TO SOURCE VOLTAGE 
100 
=0 
50 f=1.0 MHz 
20 











Crgg— Feedback Capacitance— pF 









































l¥ts|—Forward Transfer Admittance—mS 





; 1 
0.1 0.2 0.5 1.0 2.0 5.0 10 0.1 1.0 2.0 10. 
Ip—Drain Current— mA. ieee Sain . Source res v 


NOISE FIGURE and POWER GAIN 
TEST CIRCUIT (f= 100 MHz) 


3p OUT 
50 2 





Ves Vpp = 5.0 Vv 


ai 


TENTATIVE SPECIFICATION 






NEC 


ELECTRON DEVICE 


SILICON POWER TRANSISTORS 


2SK277,2SK278(V968) 


HIGH VOLTAGE HIGH CURRENT AND HIGH SPEED SWITCHING 








N CH POWER MOS FET 





DESCRIPTION 
Suitable for switching regulator, DC-DC converters. 





























] FEATURES 
PACKAGE DIMENSIONS © High speed switching. t<40ns @2A 
in millimeters (inches) 
$ 25 MAX. 3 @ Low Drain to Source resistance. Rposion) $1.5 22 
(¢ 0.984 MAX.) 23 
¢ 22.5 MAX. io 8 
0.886 MAX.) 3S c x ABSOLUTE MAXIMUM RATINGS 
<= 
bs & Maximum Voltages and Currents (Ta=25 °C) 
1% 
14908 oa S 28K277.  2SK278 
(¢ 0.039) ee as Drain to Source Voltage  Vpsx 350 400 Vv 
Gate to Source Voltage Voess +20 V 
2 2 Continuous Drain Current 'p«(Dc) 7 A 
2 Peak Drain Current = 10 A 
2-9 4040.15 es eye, 'D(puise) 
(g 0.157) Maximum Power Dissipation 
Total Power Dissipation PT (To=25 °C) 100 Ww 
302402 | (0665) , 
(1.189) Maximum Temperatures 
fe} 
12S0uree Channel Temperature Toh 150 Cc 
2. Gate ~ ° 
3. Drain (Case) Storage Temperature Tstg 65 to 150 Cc 
EIAJ : TC3, TB3 *Pulsed PW <10 ms, duty cycle < 50 % 
JEDEC : TO-3 
1EC =: C14A, B18 








ee ee ee! 
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ZS5K2Z77,2SK278(V968) NEC tzectron vevice 





ELECTRICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 
CHARACTERISTIC SYMBOL ; : {____ TEST CONDITIONS 


+ + 





Vgs=-10 V, 2SK277 
Ip=10 mA 2SK278 





Drain to Source Breakdown Voltage BVpsx a 





Gate to Source Breakdown Voitage [ BVgss Vps=0, IG=+100 pA 





Drain Cutoff Current lpsx Vps=350 V, Vgs=—-4 V 
ai 





Gate to Source Cutoff Voltage | Vesioft) 0 Vv Vps=10V, Ip=50 mA 





——}-— 


Forward Transfer Admittance lYesl F i Vps=10V, Ip=3A 
{ 





Drain to Source On Resistance RDS(ON) “| . Bis 4 Vgs=15V,iIp=4A 


: ae 











Input Capacitance 





Vps=10 V, Vgg=—-5 V, 


Output Capacitance f=1 MHz 





Reverse Transfer Capacitance 





Turn-on Delay Time 





ees Ip=2 A, Vgsion)=10 V, 
Rise Time Va@sioff)=—5 V, RL=75 2, 
Turn-off Delay Time Vec =150 V, PW=1 us, 
duty cycle S1 % 




















Fall Time 
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NEC 


ELECTRON DEVICE 


MOS FIELD EFFECT TRANSISTOR 


3SK74 


RF AMPLIFIER & MIXER FOR VHF TV 
N-CHANNEL SILICON DUAL-GATE MOS FIELD-EFFECT TRANSISTOR 


PACKAGE DIMENSIONS (Unit : mm) 








MARKING 


2.5MAX 


$4.0MAX 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 
SYMBOL 4 MIN. 


CHARACTERISTIC 





See 


1. Gate2 
2. Gate 
3. Source 
4, Drain 


“DISKMOLD” 
FEATURES 
@ Suitable for Use as RF Amplifier & Mixer in VHF TV 
Tuner. 
®@ Low C,,, : 0.03pF TYP. 
@ High PG : 22dB TYP. 


@ Low NF: 2.0dB TYP. 


ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 


Drain to Source Voltage Vpsx 20 Vv 
Gate1 to Source Voltage VG1S +10 Vv 
Gate2 to Source Voltage VG2S +10 Vv 
Drain Current Ip 25 mA 
Total Power Dissipation Pr 200 mw 
Channel Temperature Toh 125 °C 
Storage Temperature Tstg -65to +125 °C 


TEST CONDITIONS 





4 
Drain to Source Breakdown Voltage 


BV psx 


20 


VG1s =-3.0V, VG2s =3.0V, Ip = 500nA 





Drain Current 


+ 


Ipss 


+ 


7.0 


Vps =6.0V, Vgis=0, Veas =3.0V 





Gate1t to Source Cutoff Voltage 


VG1Sloff) 


Vps=6.0V, VG62s=0, Ip =5.0uA 





Gate2 to Source Cutoff Voltage 


VG2Sloff) 
| 


Vps=6.0V, Vgis=0, Ip =5.0uA 





Gate1 Reverse Current 


1G1ss 


Vos =0, Vg1s=110V, Vegas =0 
rol Demet ath cet 








Gate2 Reverse Current 


1G2ss 


Vos=9, VG1s=9, VG2g =210V 





Forward Transfer Admittance 


\YEs| 


— 
Vps =6.0V, Ip =10mMA, VGas =3.0V 
f=1kHz 





Input Capacitance 


Ciss 





Output Capacitance 


Coss 


Vps =6.0V, Ip =10mMA, VGa5 =3.0V 
f= 1MHz 





Reverse Transfer Capacitance 


Cc 
rss 








Power Gain 


Gps 


Eat 





Noise Figure 





NF 





Vps=10V, Ip =10mA, f = 200MHz 








VGg2=5.0V 








Ipss Classification M: 7.0 -—13mMA L:11—19mA K: 17 — 25mA 


*See Test Circuit 
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3SK74 NEC ttectron oevice 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs. DRAIN CURRENT vs, 
AMBIENT TEMPERATURE DRAIN TO SOURCE VOLTAGE 


( =size 
is 196 X51 X 1.5mm 


























Ip— Drain Current~mA 








Py—Total Power Dissipation — mW 
































0 25 50 75 100 125 





T,~Ambient Temperature — °C Vps—Drain to Source Voltage—V 
DRAIN CURRENT vs. FORWARD TRANSFER ADMITTANCE vs. 
GATE1 TO SOURCE VOLTAGE GATE1 TO SOURCE VOLTAGE 


30 




















Ip—Drain Current—mA 





lyg,!— Forward Transfer Admittance —m% 





























Vgis—Gatel to oe Voltage —V Vgis —Gatel to Source Voltage—V 
FORWARD TRANSFER ADMITTANCE vs. INPUT CAPACITANCE vs. 
DRAIN CURRENT GATE2 TO SOURCE VOLTAGE 

















Cigg—Input Capacitance — pF 





lyggl—Forward Transfer Admittance — mod 











f=1.0kHz 





Ip — Drain Current—mA Vg2sg—Gate2 to Source Voltage—V 


ak 


NEC erectron vevice 


Cogg— Output Capacitance — pF 


brgs— Forward Transfer Susceptance — mi 


OUTPUT CAPACITANCE vs. 
GATE2 TO SOURCE VOLTAGE 


Vos =6.0V 
= 1.0MHz 















































— 1.0 0 1.0 2.0 3.0 40 
Vg25—Gate 2 to Source Voltage—V 


FORWARD TRANSFER ADMITTANCE (Yfs) 
vs. FREQUENCY 


&i5—Forward Transfer Conductance — m0 
100MHz 30 




















bos— Output Susceptance— mo 






































OUTPUT ADMITTANCE (Yos) 
vs. FREQUENCY 









































0 0.1 0.2 0.3 04 0.5 


os — Output Conductance — m2 
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brs— Reverse Transfer Susceptance — md big— Input Susceptance — m2 


Gps —Power Gain—dB 


INPUT ADMITTANCE (Yijis) 
vs. FREQUENCY 









































8), Input Conductance — mo 


REVERSE TRANSFER ADMITTANCE (Yrs) 
vs. FREQUENCY 


0.2 














0.1 


















































0 ol 02 
8g— Reverse Transfer Conductance—m@ 


POWER GAIN vs. ORAIN CURRENT 





f = 200MHz 





Vpg = lov 
O Vgog=7V 


| @ Vg25=5V 
xX Veas =3V 
































Ip Drain Current—mA 


3SK74 


3SK74 


POWER GAIN vs. 
DRAIN TO SOURCE VOLTAGE 





f = 200MHz 
Vpg = 1OV. Ip = 10mA 
O Vga =7V¥ 
@ Vo25 =5V 
x Vg25 =3V 
(Ip = 6.0mA) 








Gps Power Gain—dB 


























Vps—Drain to Source Voltage —V 


NOISE FIGURE, POWER GAIN vs. 
GATE2 TO SOURCE VOLTAGE 


f = 200MHz 
Vos =10V 





4 




















Gps ~Power Gain—dB 






































a 0 1 2 3 4 5 6 7 
Vg2s5—Gate2 to Source Voltage—V 





NF —Noise Figure ~-dB 
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NF —Noise Figure -dB 





NEC ELECTRON DEVICE 


NOISE FIGURE vs. 
DRAIN CURRENT 


f = 200MHz 





Vos = lov 
O Vgag =7V 
@ Voog =5V 
x Vos = 3V 









































p—Drain Current—mA 


200MHz Power Gain & Noise Figure Test Circuit 


Yeas 
Vg = 10V. Ip =10mA. f= 200MHz 


OUTPUT 


50° 





Ly: 0.6mm U.E.W. 67mm 3T 
Lo + 0.6mm U.E.W. 67mm 3T 
Lz: RFC 2.2kH 





NEC MOS FIELD EFFECT TRANSISTOR 


ELECTRON DEVICE 3 S K8 7 


RF AMP. FOR UHF TV TUNER 


N-CHANNEL SILICON DUAL-GATE MOS FIELD-EFFECT TRANSISTOR 
DISK MOLD 


FEATURES 
PACKAGE DIMENSIONS (Unit : mm) ® Suitable for use as RF amplifier in UHF TV tuner. 
(RF Amp. for half wave length resonator : A/2) 
@ Low C,,,: 0.02 pF TYP. 
@ High G,,: 18 dB TYP. 
= © Low NF : 3.8 dB TYP. 





10.0 MIN. 


Zz 
= 
° ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 
3 vs 
Drain to Source Voltage Vpsx 20 Vv 
oe Gate1 to Source Voltage Vo6is +10 Vv 
MARKING Gate2 to Source Voltage Vo625 +10 Vv 
oO 
2 Drain Current Ip 25 mA 
2 =3 Total Power Dissipation Py 200 mW 
ee | Channel Temperature Tet, 125 "G 
ens . eee Storage Temperature Tstg -65 to+125 °C 
3. Source 
4. Drain 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL ‘ : : = TEST CONDITIONS 
Drain to Source Breakdown Voltage BVpsx : VG1S=VG2S7-2 V, Ip=10 uA 
Drain Current loss Vps=10 V, Vgas=4 V, VG1s=0 


Gate to Source Cutoff Voltage VGiS(off) : Vps=10 V, Vgag=4 V, Ip=10 uA 
Gate2 to Source Cutoff Voltage VG2S (off) : L Vps=10 V, Vg1s=4 V, Ip=10 uA 


Gate1 Reverse Current IG1ss Vps=9, VG1s=#10 V, VGag=0 
Gate2 Reverse Current IG2ss Vps=9, Vg2s=+10 V, Vg1g=0 
































Forward Transfer Admittance Veg] 18 oS ei MG2s, SNela oie 


Input Capacitance 








Vps=10 V, Vgas=4 V, Ip=10 mA 


Output Capacitance f=1 MHz 





Reverse Transfer Capacitance 





Power Gain Vps=10 V, Vg2s=4 V, Ip=10 mA 
Noise Figure : : f=900 MHz 











lpsg Classification L: 0.5—5 mA, K: 3-8 mA 
* See Test Circuit — 


3SK87 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


Ip —Drain Current—mA 


l¥f,i—Forward Transfer Admittance—mS 


Pt —Total Power Dissipation —mW 





TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 












































25 50 


Ta—Ambient Temperature —°C 


DRAIN CURRENT vs. 
GATE1 TO SOURCE VOLTAGE 


























VG1S —Gatel to Source Voltage—V 


FORWARD TRANSFER ADMITTANCE vs. 
DRAIN CURRENT 


















































Ip Drain Current—mA 





aa 


lyfg|—Forward Transfer Admittance—mS Ip —Drain Current—maA 


Cigg—!nput Capacitance — pF 


N; EF ¢ ELECTRON DEVICE 


DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 









































Vps—Drain to Source Voltage—V 


FORWARD TRANSFER ADMITTANCE vs. 
GATE1 TO SOURCE VOLTAGE 





25 































BR) See 
| | | gee) | 


+1,0 





VG1S —Gatel to Source Voltage—V 


INPUT CAPACITANCE vs. 
GATE2 TO SOURCE VOLTAGE 






































4 
3 
Vg2s=4 V at Ip=10 mA 
Pe a REE RR ene eee 
Vgas=4 V at Ip=5 mA 
(eee nest ake 
SASS ease 
Sas eReeeee 
—-1.0 0 1.0 2.0 3.0 4.0 


VG2s —Gate2 to Source Voltage—V 


3SK87 


INPUT ADMITTANCE vs. 


OUTPUT CAPACITANCE vs. 


N; EC ELECTRON DEVICE 
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VG2S5—Gate2 to Source Voltage—V 
40 


f—Frequency—MHz 


3SK87 NEC ctcrron vevice 


900 MHz Gp, & NF TEST CIRCUIT 


VG2s(4v) 


OUTPUT 
502 





VG1s Vpp(10V) 


L1,L2:30X5x0.5 mm 


p Cana ERE. 


Af 


NEC MOS FIELD EFFECT TRANSISTOR 


ELECTRON DEVICE 3 S K 3 3 


RF AMP. FOR UHF TV TUNER 
N-CHANNEL SILICON DUAL-GATE MOS FIELD-EFFECT TRANSISTOR 
DISK MOLD 


FEATURES 
® Suitable for use as RF amplifier in UHF TV tuner. 
@ Low C,,, : 0.02 pF TYP. 
@ High Gp, : 16 dB TYP. 
@ Low NF : 3.8 dB TYP. 


PACKAGE DIMENSIONS (Unit : mm) 





S 
ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 

MARKING Drain to Source Voltage Vpsx 20 Vv 

= Gate1 to Source Voltage Vgis +10 Vv 
$ s Gate2 to Source Voltage Vo69s +10 Vv 
er | Drain Current Ip 25 mA 
PACMAN. poe Total Power Dissipation Py 200 mW 

. oe Channel Temperature Te 125 "¢ 

Storage Temperature Tstg -65to +125 °C 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
CHARACTERISTIC SYMBOL : . TEST CONDITIONS 








Drain to Source Breakdown Voltage | BVpsx VGis=VG2s=-2 V, Ip =10 uA 








Drain Current lpss E Vps=10 V, Vgas =4 V, VG1g=9 
Gate1 to Source Cutoff Voltage I VG1S(off) Vps=10 V, Ve2s=4 V, Ip =10 vA 
Gate2 to Source Cutoff Voitage VG2S (off) a ‘ | Vps=10 V, Vg1s=4 V, Ip=10 uA 


Gate1 Reverse Current ' G Vos=90, Vg1s=+10 V, Vgag=0 














Vps=9, Vgas=210 V, Vg1g=0 


Forward Transfer Admittance 








Input Capacitance 
Vps=10 V, Vgas=4 V, Ip =10 mA 


Output Capacitance f=1 MHz 





Reverse Transfer Capacitance 








Power Gain Vps=10 V, Vegas =4 V, Ip=10 mA 
f=900 MHz 











Ipss Classification L: 0.01—2mA K:1—6MA 
*See Test Circuit 
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3SK88 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


ip—Drain Current —mA PT—Total Power Dissipation—mW 


\yfs|- Forward Transfer Admittance—mS 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


G2 


Gq, J P.C.B. 
i = a Size 
s l 196X 51X15 m 


- 


7 ! 
























































0° 25 50 75 100 125 


Ta—Ambient Temperature—°C 


DRAIN CURRENT vs. 
GATE1 TO SOURCE VOLTAGE 



































Vg1s—Gatel to Source Voltage—V 


FORWARD TRANSFER ADMITTANCE vs. 
DRAIN CURRENT 





















































Ip—Drain Current— mA 


_ AR 


Ip—Orain Current —mA 


Yfs|~ Forward Transfer Admittance—mS 


NEC etrctron vevice 


DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 





















































Vps—Drain to Source Voltage—V 


FORWARD TRANSFER ADMITTANCE vs. 
GATE1 TO SOURCE VOLTAGE 





























Cigg— Input Capacitance— pF 

















VG@is—Gatel to Source Voltage—V 


INPUT CAPACITANCE vs. 
GATE2 TO SOURCE VOLTAGE 


















































—10 0 1.0 2.0 3.0 4.0 
VGg2s—Gate2 to Source Voltage—V 





3SK88 


INPUT AOMITTANCE vs. 


FREQUENCY 


OUTPUT CAPACITANCE vs. 
GATE2 TO SOURCE VOLTAGE 


NEC eecrnon vevice 
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f — Frequency — MHz 


3SK88 


900 MHz Gp; AND NF TEST CIRCUIT 


Ve2s(4 V) 


INPUT 
50 Q 


OUTPUT 
50 Q 





AR 


NEC ttectron vevice 





KE C N-CHANNEL SILICON DUAL JUNCTION FIELD-EFFECT TRANSISTOR 


uPA68H 


ELECTRON DEVICE 


DESCRIPTION The pPA68H is designed for use in the top stage for 


differential amplifier of a stereo main amplifier. 


FEATURES ® Excellent pair balance 
AVgés = 20mV MAX. 


@Vps =10V, Ip =1.0MA, AVgs= Vasit) — Vasis) 


lY¢,| Ratio; 0.95 MIN. 
@Vps=10V, Ip =1.0mA 


®@ High bleakdown voltage. 
Ve6p0 > 50V 


ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 
Maximum Temperatures 





PACKAGE DIMENSIONS 





19.5MAX. 


1.2 
15.5MAX. 





(Unit : mm) 


~——} 





Storage Temperature ...............0- —55 to +125°C 1, Drain 1 
. ° 2. Gate 1 
Junction Temperature .............0. +125°C Maximum 3. Source 1 
P ot Pe dak 4. Sub. 
Maximum Power Dissipation eee 
Total Power Dissipation ................ 250mW/Unit 6. Gate 2 
; 7. Drain 2 
Maximum Voltages and Currents ea 
Vcepo Gate to Drain Voltage ............. — 50 Vv 
Veso Gate to Source Voltage ............ — 50 Vv 
Vpsx” Drain to Source Voltage ........... 50 V 
Ip Drain Current ...........0 02000: 30 mA 
Ig Gate Current .......... 0000 eae 10 mA 
* Vgs =—-3.0V 
ELECTRICAL CHARACTERISTICS (Ta=25°C) 
SYMBOL CHARACTERISTIC MIN, TYP. MAX. UNIT TEST CONDITIONS 
Ipss Drain Current 1.0 18 mA Vps=10V, Vgs=0 
\ Vps=10V, Vgs=0 
Peele Drain Current Ratio 0.9 1.0 DS | GS . 
IDSS(L) 'pssi(s)/'!DSS(L) 
¢s| Forward Transfer Admittance 5.0 7.0 mo Vps=10V, Ip =1.0mA, f=1.0kHz 
IVE | (S = o = 
Vps=10V, Ip=1.0mA, f=1.0kH 
TV, | Forward Transfer Admittance Ratio 0.95 1.0 | DS ly 4 hi 7 
fs '(L) Veg 1(S)/!%f5 Ly 
; Vps=10V, Ip=1.0mA 
AVG6s Gate to Source Voltage Difference 3.0 20 mV AVGS=VGSIL)—VGsis)* 
NV Noise Voitage 25 35 mV See Test Circuit 
Cigs Input Capacitance 15 pF Vps=10V, Vgs=0, f=1.0MHz 
Crsg Feedback Capacitance 3.0 pF Vps=10V, Vgs=0, f=1.0MHz 
VGS(off) Gate to Source Cutoff Voltage ~0.15 ~2.5 V Vps=10V, Ip=10uA 
lass Gate Cutoff Current -1.0 nA VGs=—20V, Vps=0 











*(S) : The Smaller Value, (L) : The Larger of the pair 


Classification of Ipss 





vw] 





| Rank K 7 L M 
| lDss(mA) 1.0 — 6.0 5.0 — 10 9.0-14 


13 — 18 | 





IDSs Test Conditions : Vpg=10V, Vgg =0 
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“uPA68H 


TYPICAL CHARACTERISTICS (Ta= 25°C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


300 





250 








8 
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oO 
Oo 


























Py — Total Power Dissipation — mW 
a 
So 

















oO 


25 50 75 100 125 150 
Ta — Ambient Temperature — °C 


FORWARD TRANSFER ADMITTANCE 
vs. DRAIN CURRENT 
















































































0510 20 50 10 20 50 100 
Ip — Drain Current — mA 


.1 0.2 


INPUT CAPACITANCE AND FEEDBACK 
TRANSFER CAPACITANCE vs. 
DRAIN TO SOURCE VOLTAGE 


‘6 100 

































































1.0 
10 20 50 10 20 50 100 
Vps — Drain to Source Voitage — V 





Crsg ~ Feedback Transfer Capacitance — 


Cigg — Input Capacitance — pF 


Ip —Drain Current—mA 


Ves(oft) —Gate to Source Cutoff Voltage — V 


DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 




















0 10 20 30 40 50 
Vps—Drain to Source Voltage -V 


CORRELATION CURVE GATE TO 
SOURCE CUTOFF VOLTAGE vs. 
DRAIN CURRENT 
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Ipsg — Drain Current — mA 































50 100 


NOISE VOLTAGE TEST CIRCUIT 


+15V 






10k 





10k FLAT Amp, FLAT Amp. 


FLAT 


AT 


B.P.F. 






f =10Hz — 1.0kHz 
(36dB/oct) 






NEC etectron pevice 


DRAIN CURRENT vs. 
GATE TO SOURCE VOLTAGE 





























Ip - Drain Current - mA 





























Ves — Gate to Source Voltage — V 


CORRELATION CURVE 
FORWARD TRANSFER ADMITTANCE 
vs. DRAIN CURRENT 







































































0.1 02 05 102.0 50 10 20 50 100 
Ipss ~ Drain Current — mA 


|¥ts | ~ Forward Transfer Admittance — me 


LEAD CONNECTION 





1D 2D 
1 7 
© NV(r.m.s.) 1G 26 
2 6 
3 5 
1S 2s 





Contents 





Reliability Information 


Small Signal Transistors 


Power Transistors 


Field Effect Transistors 


Mini-Mold Transistors/Diodes 
(SOT 23 and SOT 89) 


SST Transistors 


Diodes 


Opto Devices 


Rectifier Products 


Cross Reference Information 


Application and Design Notes 








Introduction 


The NEC MINI MOLD is designed for hybrid !C which is an active element in micro package. 
There are two types of ICs used for intergration:, they are classified according to their constructions, 
one is monolithic IC and the other hybrid !C. At present, as the applications of electronics 
are spreading widly, circuit designs are diverse and high performance is required for the circuit 
characteristic itself. Especially, the hybrid IC is considered as more suitable for high voltage, 
microwave and high power circuit than the monolithic IC., therefore, use of hybrid IC is now 
spreading rapidly. 

As the elements for the hybrid !C, the chip, beam-lead, flip-chip of a transistor and a diode, in 
addition to the existing transistor and diode are used. However, the conventional transistor and diode 
are disadvantageous to increase in integration and miniaturization. And specialized treating technique 
is required for use of the chip, beam-lead and flip-chip, and guarantee of the electrical characteristic 
of the element is limited. Thus, the yield rate is low and the field of application is not so wide. 

The NEC MINI MOLD has been developed in full consideration of the above-mentioned matters 
concerning the manufacturing of the hybrid 1C and now is mass-produced as a micro device which 
is easy to handle and economical to use. 


1. Features of MINI MOLD 


The MINI MOLD has been used for a hybrid IC 
conventionally and is featured as follows in comparision 
with the transistor chip, beam-lead, and flip-chip. 

1.1. Since MINI MOLD is of micro package type, the 
space factor in its practical mounting is small, it is 
possible to make an extremly small type and 
high-density hybrid IC compared with conventional 
transistors. 

1.2, MINI MOLD can easily be handled, compared with 
transistor chips, beam lead, flip-chips etc., and as 





it used well managed ribbon lead wires, its practi- 


cal mounting is very easy and can be done automa- 


Photograph 1. Example of Mounting of Hybrid IC 


tically. 
1.3. Electrical characteristics are guaranteed in the same manner as for those of the conventional products, thus the 
percentage of mixing of bad products is small. This permits a realization of effective and economical assembling 
process. 
1.4. Since the leads of ribbon type are arranged in triangle, the package is small and high frequency characteristics is 
excellent, despite of its plastic mold construction. MINI MOLD is applicable to various purposes of uses in the range 


from low frequency to ultra high frequency. 





2. Outline, Structure and Manufacturing Process 


2.1. Outline 


Outlines shown in Fig. 1 and Fig. 2 are the package dimensions of MIN! MOLD. The case is made by a box type resin of 


a length of 1.5mm and of a thickness of 1.1mm. 


The MIN! MOLD has three pins and each of them regularly forms an L-shape along the plastic resin body. (See Fig. 1) 
Upon your request, however, the fead wires can be finished in a flat type, in consideration of versatile mounting (See Fig.2). 


Furthermore, a lot of MINI MOLD transistors can be provided in a reversal pin-connection. 


PACKAGE DIMENSIONS 


in millimeters (inches) 







0.25 
0.503 
one 0.5'0:33 
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119i 
(0.043) 
08, ! 
(0.031) 
4 


0.1~ 0.25 
(0.004~ 0.01) 


0.16 bbs 
(0.006) 


Fig. 1 


Pin Connections 


Transistor (Regular) Transistor (Reversal) 
1. Emitter 1. Base 
2. Base 2. Emitter 
3. Collector 3. Collector 


Filed Effect Transistor 
1. Drain 
2. Source 
3. Gate 


Double Diode 


Common Anode 
1. Cathode 
2. Cathode 3 
3. Anode 


Common Cathode 
1. Anode 2 
2. Anode 
3. Cathode 





2.9+0.2 
(0.114) 





_ 
Zz 
= 
= 
~ 
= 
S 
= 


0.4's:43 (each lead) 
(0.016) 


Fig. 2 
Fig. Tense acoes Standard Type 
FIGs: 2s sietes. & Type for Special Order (except. 2SK67) 


The flat lead type, shown in Fig. 2, can be available on 
your request, please consult us beforehand. 





2.2. Structure and Manufacturing Process 


(1) Structure 
Fig. 3 shows a model of the internal structure. The active element (chip) is fixed to lead ribbon No. 3 and connected 
to leads No.1 and No. 2, respectively from the electrodes on the chip, by using internal connecting wires (gold wires). 
The package is made of epoxy resin. The lead wires are silver plated nickel alloy and are finished by dip soldering 


with lead-tin eutectic solder. 


Pin No.3 







i Pi . 
Pin No.1 Marking in No.2 


Surface 


Fig. 3 Internal Structure 


(2) Manufacturing Process 

The manufacture of the MINI MOLD device is based upon 
the techniques developed for manufacturing MICRODISK 
Transistor and mold transistor for small signal, furthermore, 
accurate technique peculiar to the manufacture of the MINI 
MOLD was developed and is now adopted. 

The manufacturing process is as shown in Fig. 4, Flow dia- 
gram. At first, the external lead is fixed to the base plate for 
element manufacture (manufacturing of lead frame). 

Then, the chip is soldered by the special solder in the auto- 
matic element manufacturing equipment, and after the elec- 
trodes of the chip are connected to the external leads with goid 
wire, the resin encapsulation is done semi-automatically by 
batch system. 

After stabilization is made through high temperature aging, 
etc., the leads are trimmed in proper length, and then the 
device is checked with respect to all DC items by the automatic 
selector, and classified according to the judgement of serviceable 
qualities and characteristic values, and then packed in case, the 
leads are formed as required, and the name of product is mark- 
ed, thus the product is completed. 


Internal connecting wire 


Chip 








WAFER AFTER DIFFUSION 


ELECTRICAL TEST 
BY PROBING 


SOLDER LEAD-FLAME 





VISUAL INSPECTION 


CHIP BONDING 








VISUAL INSPECTION 
PER MACHIN AND OPERATOR 


INTER CONNECTION BONDING 


PLASTIC MATERIAL VISUAL INSPECTION 






VISUAL INSPECTION 
PULL TEST BY GAUGE 


SEAL (MOLDING) 







CURING AND AGING 


SOLDER FLUX 





SOLDERING 







VISUAL INSPECTION 





CUTTING -OFF OF LOAD 


D. C. CHARAC. ELECTRICAL TEST (AUTOMATIC) 


A.C. CHARAC. ELECTRICAL TEST (1F NECESSARY) 


MARKING 


LEGEND: 
V MATERIAL INPUT 


O MANUFACTURING STEP 


(CJ Inspection 100% 


O { parry CONTROL INSPECTION 
OR TEST 


Fig. 4 Flow Diagram of MIN} MOLD Manufacturing Process 


3. Uses and Types 


In Table 4 (page 17), main products of MIN| MOLD are shown. The MIN! MOLD has the same characteristic as 
the conventional plastic mold product regarding its construction, dielectric strength, working frequency, preservation 
temperature etc., it is possible to produce almost all the conventional products, for small signals. 

Various types of the MINI MOLD are required in order to satisfy all purposes of hybrid !Cs, so that they are being 
manufactured with full consideration from economical view point. 

The uses of the MIN! MOLD cover a wide range of from low frequency to ultra high frequency, such as low frequency 
amplification, amplification of HF band, VHF band, UHF band etc., frequency conversion, mixed oscillation, and high 
speed switching. Therefore, the MIN! MOLD can be used widely in the hybrid ICs for radio, television, stereoplayer, 
taperecorder, camera, watch, measuring instrument, wireless instrument etc. 


4. Electrical Characteristics 


The determinating methods of the MIN! MOLD for its absolutely maximum ratings, electrical characteristics etc. are 
all same as methods for conventional small signal use. Especially, the different matters from the conventional small 
plastic mold are as follows: the MINI MOLD has a micro structure, therefore, it has a small allowable loss as a single 
body. However, when we think over that the MINI MOLD is fixed to the substrate of a hybrid IC and then mold 
with resin, after then is used, the MIN! MOLD is possible to provide a circuit design having to spare enough for small 
signal of alrnost uses. 

In Table 1, a comparison of characteristic values of the MINI MOLD with conventional transistors is shown. 


Table 1. Comparison of Characteristic Values with Conventional Transistors 


Working Allowable Allowable Temperature Storage 
Frequency Loss Current of Junction Temperature 


(MHz) (mw) (°C) (°C) 








MINI MOLD 


Transistor ~850 ~150 ~125 -55~+125 











MICRODISK 


Transistor ~1000 ~150 -65~4125 








SIGNAL MOLD 


Transistor ~300 “55~+125 








On the Total Power Dissipation and Thermal Resistance 
The total power dissipation can be calculated according to the maximum junction temperature and thermal resistance: 


Tjmax. - Ta 
P+ = 
Rth 
Where : Py ...... Total Power dissipation 
Tjmax. . . . Maximum Junction temperature 
WA eS doe wie Ambient temperature 
Rth..... Thermal resistance from junction to ambient 


The thermal resistance of the MINI MOLD unit is 0.58°C/mW, however, when the MINI MOLD is mounted in the hybrid 
IC, the heat radiation from the lead is increased, and furthermore, when coated with resin or the like, the heat radiation 





around it is promoted, too. Thus, the thermal resistance of the MIN! MOLD under mounted condition is considerably 
smaller than that of the unit itself. 
Fig. 5, 6, 7 and 8 show the size of the substrate and P+ in the MINI MOLD. 


(1) In case of Single Transistor: 









(1) In case ot Single Transistor: 
————Without resin 











Without resin om 


~~ -- Encapsulated with resin ~~-——Encapsulated with resin 














—----—Keep Tr. from substrate about z ——---—Keep Tr. from substrate about 

t 0.2mm § 0.2mm 
$ (without resin) 3 0 (without resin) 
3 3 
‘ (2) In case of 3 Transistors : 3 Tr. 6 (2) In case of 3 Transistors : 3 Tr. 
i Sooo are fixed to substrate and ry are fixed to substrate and 
s Sai Supptied the same Power, then é Supplied the same fos then 

Ps measured on the central one. measured on the central one. 
aes 250A \Ne SeeNONe fee é 
3 Rp RIS TTT — Without resin fe XIE —-—Without resin 
fi FFree Air N NAAS BA) 1 —--—Encapsulated with resin c NOAM [| it rt) —--—Encapsuiated with resin 

NAS 
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Fig. 5 Py - Ta Characteristic (Alumina Seramic Substrate) Fig. 6 Py - Ta Characteristic (Steatite Substrate) 
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Fig. 8 Py to Size and Volume of Substrate 
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Fig. 7 Py - Ta Characteristic (Epoxy Glass Substrate) 


5. Reliability 


The reliability of the MINI MOLD is assured by the same evaluating method as for the conventional plastic mold. 

As a rule, the mode of failure of plastic mold type product is different from that of hermetically sealed product. 
The difference is found mainly in the following 2 points: 

(1) Moisture resistance 

(2) Thermal stress 

As for the moisture resistance, in the metal can type, the hermetically sealed inner part is isolated from the out- 
side by the chemically reactive layer of glass-metal, on the contrary, in the present plastic mold type, the space 
between resine-metal (lead) is only pressed or adhered closely, and moreover there is a large difference in moisture 
resistance characteristic between the metal can and the resin itself. 

The thermal stress is an influence which the expansion coefficient exerts on the internal connection wire. 





5.1. Moisture Resistance 


The moisture resistance of the plastic mold product is effected largely by the nature of the resin. A resin absorbing 
humidity would cause an increase in leak, and penetration of humidity in the chip would deteriorate the characteristics 
and melt aluminum electrode, thus causing disconnection. 

The MINI MOLD is shaped by press injection of resin, for convenience’s sake of manufacturing, a release compound 
which permits the resin separate easily from the metal cast is contained in the resin. This weakens adherence between 
the resin and the metal lead to some extent. But on this point, the resin provided with excellent adhesion to metals 
is used, selected out of many sorts of the resins. 


5.2. Thermal Stress 
The thermal stress causes the resin to expand or contract, thus giving stress to the internal connection wire. 

For testing the thermal stress, the heat shock and step stress methods are used, besides the ordinary high temperature 
test. The internal connection wires of plastic mold product are almost gold wires, having strength fully powerful then- 
selves to withstand the expansion or contraction by the resin, therefore, major parts subject to the effect due to the 
thermal stress are the contact parts between the external lead and gold wire, and between aluminum electrode and 
gold wire. 

The MINI MOLD is strengthened largely with newly adopted bonding method and it can be used practically without 
any failure. 


5.3. Control Process of Reliability of MINI MOLD 

The control process of reliability of the MIN! MOLD is conducted according to the steps shown in the block 
diagram in Fig. 9. This method is systematized to maintain a stable performance by feeding the contro! data back to each 
process. 






















Inspection for 
shipment 


incomming 
Inspection 


Selection by 
characteristic 
















Assembly Warehousing shipment 











Design 
Control 
Check 






Process 
Control 












Environmental Test 







Solder dipping, solderbility, 
temperature cycling, 
thermal shock, moisture 
resistance, inundation by press, 
boiling water, strength of terminals 









Life Test 


Life at operating, storage at 
high temperatures, at 

low temperatures at high 
moistures and high .temperaiures. 






Fig. 9 Control Process of Reliability 





5.4. Reliability Test Data 
The tests of reliability of the MIN! MOLD device are practiced monthly according to Table 2 as the form tests. 
These tests are almost the acceleration tests, and for some items they are estimated up to the limit. The long life test 

data are typically shown in Fig. 14 and sustain an enough long life of the MINI MOLD devices against general usage. 

Relation with practical conditions is supported by the field data. if you request thereon, we can report the rearranged 


data by the prescribed method. 


Data of Mechanical Strength 
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Fig. 12 Bending Strength 
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Fig. 13 Bending Strength 


item of Test 


Table 2. Reliability Test of MINI MOLD 


Condition of Test 





Physical 
Dimensions 


Strength of 
Marking 





Physical dimentions of product must 
coincide with each specification 





Washing with Chlorocene for 5 
minutes after natural drying 
for 10 seconds, rub lightly. 





Duration 
of Test 


Judgement Item 





Miss of dimensions 


Wear. away of marking 
























































Solderbility Temperature of solder = 230°C Soldering quality 
(eutectic solder), dip the main body 
for 5 second one time, using flux. 
Soldering Temperature of solder = 260°C Deterioration of characteristic 
Heat (eutectic solder), dip the main body 
for 5 minutes, without flux. 
i 
5 Temperature High temperature = 125°C for 30 minutes. 30 cycles Deterioration of characteristic 
Cycling Low temperature = - 55°C for 30 minutes. 
6 Thermal High temperature = 100°C for 10 minutes. 10 cycles Deterioration of characteristic 
Schock Low temperature = 0°C for 5 minutes. I 
7 Terminal Load on lead 50g, bending of 90° 3 times Snap of lead 
Strength 
8 Salt Spra Temperature = 35°C, Percent of salt = 0.6% 24 hours Rush of Lead 
pray pe . : 
Water 35 atomospheric pressure 15 hours Deterioration of characteristic 
Pressure (Temperature 25°C), used tap water 
10 Bolling il Temperature = 100°C, used tap water 15 hours Deterioration of characteristic 
11 Steady State Centinous application of allowable 1000 hours Deterioration of characteristic 
Operating Life loss power a ; 
High Temperature | Temperature = 125°C 11000 hours Deterioration of characteristic 
Storage Life ie 
13 Low Temperature Temperature = 55°C 1000 hours | Deterioration of characteristic 
Storage Life 
High Temperature, | Temperature = 60°C “T 500 hours Deterioration characteristic 


High Humidity 
Storage Life 





Data of Life Test 


Humidity = 90% 





3.80 10° DIVICE HOURS 


At Tj = 150°C 


°. 


\ 


At Tj = 128°C 


« CL =: 90% 
o CL = 60% 


Failure Rate (%/1000Hr.) 





1,06X 10° DIVICE HOURS 


(Hr.) 


MTTF 


3.0 
——= (1K x 10 3) 


150 125 


— (°C) 


Tj - Junction Temperature 


Rush of lead 





Fig. 14 Steady State Operation Life 
on MIN! MOLD Transistor 


6. Mounting Methods of MINI MOLD 


The MINI MOLD has the following advantages with respect to the mounting compared with other element: 

(1) The hybrid IC using the MINI MOLD has a smaller space factor compared withe the hybrid IC using the con- 
ventional transistor, since the occupation area of the MINI MOLD is reduced by 30 ~ 50%, and the space occ- 
upation area on the substrate (thickness of the hybrid IC) is reduced by 50%, therefore it can be more miniatur- 
ized. 

(2) On the mounting, no through-hole for the reads is required, simply by laying wires on one side of the substrate, 
the circuit function which is equivalent to that of the conventional hybrid IC can be obtained. Thus the improvement 
of accumulation becomes possible. 

(3) Since the MINI MOLD can be mounted on the substrate directly with no need to form the leads, mechanization 
and automatic assembling line can be realized comparatively, thus reducing the man-hour largely. 

(4) Neither special technique nor large scale facilities are required for the assembling. The assembling can be performed 
economically. Photograph 1 shows an example of the hybrid IC using the MINI MOLD. As is seen in the 
photograph, the MINI MOLD is mounted on the substrate with the occupating area almost equal to that of a 
resistor. The mounting method of element of the MIN! MOLD which is performed acutually are various corre- 
sponding to the sorts of hybrid IC, and the mounting method is adopted being suitable to the line of each 
maker. Some of methods are. introduced as follows: 


6.1. Method by using solder 

The method of soldering using solder is used usualy in case of solid wiring or the parts to be fixed to the one substrate 
are few. The fixing of the MINI MOLD is done by flux etc., using a fine solder (under 0.5mm), the tip of a soldering 
copper is finished finely under 1mm@. In this methods, the tip of soldering copper may be devised and using with a vacuum 
chack etc., it is possible to be automatic. 


6.2. Thermal Compression Method 

This method is used for hybrid IC, in which circuit is constructed only on a single side, for this method the prin- 
ciple of the fixing of chip, which is used commonly in manufacturing process of semiconductor element, is applied. 
In this method, a preparatory solder is put on the setting part of substrate and then put it on the heating element, 
after melting this solder, the MINI MOLD type element with flux is fixed under melting condition. Flux can be used 
attaching to the substrate, but take care that overappending of flux causes a bad working ability. The temperature 
depends on the sort of solder used, but it is desirable to work in a range of temperature of about +50 ~ 150°C. 

If an automatic forwarding and a vacuum slide fastner is used, it is possible to automate and is suited for massproduction 
relatively. 


MINI MOLD 





IC Substrate 
for hybrid 


Heated Block 


Fig. 15 Mounting Method by Therma! Compression 





6.3. Method by Belt Conveyer 


This method is suitable for massproduction, a production of about tens of thousands of hybrid per month is pos- 


sible by this method. 


Assembly Process 


External Hybrid 1C 
Leads Substrate 


Lead Attachment 















Lead Soldering 
to Substrate 


Flux Provision 





Component 
Arrangement 





{to be continued) 


Description 


® Substrate of alumina ceramic, steatite, epoxy glass, etc. 
The contact portions of substrate are solder dipped in 
advance. 


@ External leads are fixed to the substrate terminals. 
Use of lead frame 'may be effective, saving man-hour. 


@ External leads are adhered to the substrate with solder. 
Temperature at 220 to 250°C for about 3 seconds. 
Pb-Sn eutectic solder. 


®@ The original liquid of flux is diluted to one-third in den- 
sity with ethyl alcohol or the like, and the diluted flux 
is provided on the substrate. 


® Required circuit elements such as MINI MOLD transistors, 
chip condensers, etc. are arranged in position on the 
substrate. 
For MIN! MOLD transistors, it is an efficient means to 
employ a vacuum chuck for their holder after the maga- 
zine is matched in orientation to the substrate pattern. 
The arranged elements are lightly fixed on the substrate 
with flux. 


@ The component side is heated by tungsten heater to melt 
the pre-dipped solder and join the contact parts. 
Temperature at 200 to 250°C. 

Belt speed at 30 cm/minute. 
Heating time for about 1 minute. 
Solder melting time for 15 to 20 seconds. 
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(continued) 


Flux Cleaning 













Electrical 


Check 


Buffer 


Coating * 


Epoxy 





Coating * 







Encapsulation 





Final 


Electrical 


Check 


* These processes are performed when necessary 





® Ultrasonic cleaning at 25°C, for 30 seconds. 

Care should be taken not to stroke the marking surface 
when the solvent still remains on the surface. 

Otherwise the marking may be erased. 


When needed, overall circuit characteristics are checked 
and defective elements replaced. 


Liquefied resin is used for buffer coating in either dipp- 
ing or potting method. 


Temperature at 100°C, for the period of 4 hours. (in 
case of silicon resin) 
Curing conditions are dependant upon the resin. 


When silicon resin is used for buffer coating, epoxy resin 
is sprayed on the buffer coat. 

Air dry for 12 to 24 hours at room temp. follows. 
Then, curing at 70, for 1 hours, followed by another one 
at 100°C, for 3 hours. 


Pre-coated hybrid IC substrate is dipped in molding com- 
pound and then outer package material is cured. 


(casting mold method) 
Curing conditions at 120°C, for 12 hours. 


Fig. 16 Assembly Process 
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6.4. Method by Solder Bipping 

Put the MIN! MOLD on the substrate and it is necessary to fix it to the substrate in order to practice solder 
dipping. Since in this method, the MIN! MOLD is to be fixed using fluid or paste-type epoxy resin, the working 
processes are performed as follows: 

Substrate > Epoxy resin > Arrangement of the MINI MOLD -> Curing of resin (Fixing) > Application of flux > 

Solder dipping. 


In this method, some times need to fix the MINI MOLD, but the operation is easy and the finished product is so 
fine. ; 


7. Mounting Dimensions and Typical Examples of Mounting 


For a design of mounting of hybrid IC, the dimensions of fixing positions of lead of the MINI MOLD are shown 
in Fig. 16 and 17. 


08MIN. 


1.9 


PT USS 














3.12MIN. 











Fig. 17 Position of Electrodes of MINI MOLD Device Fig. 18 Positions of Electrodes when mounted while 
(Unit : mm) the body is buried into the Substrate 
(Unit : mm) 
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7.1. Mounting on the plane of the Substrate 


(1) Mounting only on a single side. 





Top View Cross-section 


Fig. 19 


(2) Mounting on the both sides. 





7.2. Mounting by Burying of Body into the Substrate 





Marking Surface 
Cross-section 


Top View 


Fig. 21 
7.3. Mounting with unreformed lead 


Marking Surface 





Marking surface 





Marking surface 


Mounting using Through-holes of Substrate 





Fig. 22 
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8. Handling Techniques of MINI MOLD Device 


It is necessary to take full cares in using the MINI MOLD device in order to maintain its high quality and reli- 
ability, in same manner as in the case of ordinary transistor. The following are’ environmental conditions encountered 
by the MIN! MOLD device and cautions for handling of it. 


8.1. Circuit Design 

The electrical characteristics of the MINI MOLD transistor are secured in the same manner as for the conventional 
mold transistor. But its consuming power Pc becomes larger when it is mounted on the substrate etc., since the heat 
radiation is improved, so that the allowable power dissipation can be made larger. Therefore, the allowable dissipation 
shown in Table 3 can be derated for use. The power dissipation may differ largely according to the size of the substrate 
and resin coating of the package. Accordingly, it is necessary to confirm the allowable power dissipation after packaging 
the transistor. 


Table 3. Allowable Power Dissipation when MIN! MOLD is fixed to Substrate. 


(1) In case of 1 MINt MOLD Transistor (Ta = 25°C) 
























































LC Without Resin | Eneapsuled with Resin | a 
ees Size (mm) Bowie Disipation Volume (mm) Sauer meen ale 
7x 10 x 0.8 { “170 mW 4 16x13x7 | 340 mw 
1Ox15x08 | 204 - 16x 21x10 | 366_ Adhere closely to 
Alumina 15 x 20 x 0.8 238 32 x 21 x 10 374 the substrate 
Ceramic 18 x 29 x 0.8 al “ot? : — ie — | 
18x 29x08 | 212 2 | = Keep from substrate 
[oaxtoxito [tsa | te x atx? [272 \ . 
10 x 15 x 1.0 als 178 = 16 x 21 x 10 306 { Adhere closely to 
are 18x 20x10 | 194 32 x 21 x 10 Pas 332. the substrate 
18 x 23 x 1.0 212 ee - i Paes | ? 
: erase | i | oe | Lee | 
Epoxy Glass | 20 x 30 x 1.6 196 L az zs Ei 














(2) In case that 3 transistors fixed to the substrate and applied the same power, then measured at the central transistor. 


a 
ca 











Alumina 
Ceramic 18 x 29 c ad - i £55 Laie — poe * ae ae le 280 | Adhere closely 
Steatite 18x 23x 1.0 | 170 32x 21x 10 246 1 to the base plate 
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8.2. Temperature at soldering, flux etc. 


At time of soldering, it suffers high temperature, but it can be used at a temperature as follows, nevertheless except 
the case through unavoidable circumstances, it is desirable to shorten the time of soldering. 


In case of solder dipping: about 250°C ............... about 5 minutes 
In case of using soldering copper: 300°C ............... about 10 seconds 
In case of high temperature circumtances: about 260°C ..... about 5 minutes 


There are various kinds of flux used for soldering one of rosin-base flux is recommended by us. 
If a anorganic flux (for example, zinc cloride) is used, its cleaning is difficult and it exerts bad influence on the 
reliability, so that avoid its use. 


8.3. Humidity 

The Moisture resistance of the MINI MOLD transistor is somewhat different than that of convenient small mold tran- 
sistor, as it is very small type and quantity of resin is small and its leak pass is short. 

Generally, moisture resistance cautions are taken for coating resin encapsulation (sealing) of resin which is practi- 
cally outfitted on the substrate and storaged into case, but in case of hybrid IC the method is different owing to its 
necessary reliability. 

The examples are shown as follows: 

In case of storage in an airtight case after mounting 
bre Noid aah ak" Special protection for the MINI MOLD is not necessary. 
In.case of encapsulation with resin after mounting 
bee abe 3 Special protection is not necessary, unless a strong mechanical stress is given. 





In case of using as the mounting state 
£247 Boas LR It is different according to the required reliability. Avoid the use of form of the mount- 
ing only as far as possible, it is desirable to use after simple coating. 
As materials for resin encapsulation and coating, there are epoxy series, silicone series etc, please consult resin 
makers and select a suitable resin. 


8.4. Cleaning 

After soldering, please clean the flux as far as possible. As the solvents, alcohol, 1,1, 1-trichloroethane (Chlorothene), 
dichlorodifluoromethane (Freon) etc. can be used, but dipping for a long time must be avoid, otherwise the marks may be 
erased. 

Furthermore, ultrasonic cleaning is available, if it has no effect on the other parts. This method may not spoil the 
reliability, since the transistor is encapsulated, but the conditions may be settled loosly as long as possible. 





Photograph 2 Photograph 3 





Fig. 24 Plastic tray outline 
drawing for MINI MOLD 


178.2+0.3 
3.35+0.1 171.5+0.3 3351 
, ia 5+0.1 
Count Mark! 3-5 50.1% 49) 








10+0.1 
J 
“3 








15.75.17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.515.75 
Unit (ma) 


Fig. 25 Dimension of Magazine 


8.5. Measuring Fixture 
The MINI MOLD. devices are delivered in 50-unit magazines as the minimum ‘one. In case of inspection at accept- 
ance, a measuring fixture of magazine is available, as shown in Photograph 3. 


Put the magazine on this measuring fixture and each one can be moved by a single stroke of the lever, it is convenient 
to measure static parameters. 


Dimensions of the magazine are shown in Fig. 24. 
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9. Summerized Characteristics 


. : Table 4. Bipolar Transistors, Field Effect Transistors and Diodes 
Bipolar Transistors 


| Absolute Maximum Ratings (Ta=25"C) 
xc 








Electricat Characteristics (Ta=25°C) 






































































































































Type No. Structure Package Application 1 p t ‘ VCE lsat) 
80| ceo] Yeso} 'c T j Class FE (mv) 
t {v) (v} (v) {mA} | (mw) | (Ch | Mark Range TYP. 
| - ———— ae as Ee + 
cs 135-270 
PNP Audio Frequency C6 200-400 
2SA811 Silicon | NECMINIMOLD | ign Gain -s0 | -so0} -5.0 | ~so } 150 | 125 -30 | -0s | -200 100 | 6.2 
Epitaxial sgure Amplifier Cc? 300-600 
ca 450-900 
L 4 Saeewrast Fes me oe +t 2 = | ~—+ ie +4 { ne +— _t 
M3/3M 60-120 
Rhian ES Pearle | 
si NEC MINI MOLD M4/4m 90-180 
28A812/ : Regular/ Audio Frequency Pe eed 
2SA8128 ee | NECMINI MOLD | Amplifier ~60 | -50 | -5.0 | -100 | 150 | 125 | MS5/5M | 135-270 | -6.0 |] -1.0 ~180 180 | 4.2 
a) 
BAR? Reversal M6/6M 200—400 
| m7/7M_ | 300-600 
b. + + +$——— =p + 7 + + ' + +} 
H3 80-130 
PNP Low and High Oni7 
FE : H4 110-170 
2SA956 Silicon | SR MINIMOLD | Frequency Amp. | 64 | _40 | -8.0 | -100 | 150 | 126 /_——+-_— | -10 ] -10 -60 280 | 7.2 
Epitaxias | Fesuler Medium: Speed HS 150-240 
i Switch | ee See 
H6 200-320 
- —t ae + + + + + + —+ { 4 +—_—_] 
Bv1/1BV | 110-180 
ene NEC MINI MOLD BV2/2BV | 135-220 
. ia RS CERES 
2S5B624/ | Regutar/ Audio Frequency 
i - a ~5.0 | -7 oo | 15 BV3/38V | 170-270 | -1.0 | -100 -250 160 } 17 
7SB624A ss eon , | NEC MINI MOLD | Amplifier Be 25,5) 520 00 a2 ° 7 
Pitaxial | peversal BV4/4BV | 200-320 
BVS/5BV | 250-400 
ae - 4 +- + + +4 + ‘ aa 
r 7 4 7 BW1/1BW 110-180 
b+ 
Sean NEC MINI MOLD BW2/2BW | 135-220 
pj} 
288730/ sili eoulat! Audio Frequency | 6 | _g0 | -8.0 | -300 | 200 | 150 | swa/3aw | 170-270 | -1.01 -so —150 100 | 13 
288736R ban NEC MINI MOLD | Ampiifier a _ Sieg) Nin i ca Tea 
Reversal BW4/4BW | 200-320 
Bws/sew | 250-400 
ie 4 4 +- ml + t + + — -—— 
FIVE 30-60 
a NEC MINI MOLD Pas ism F2/2F 40-80 
28C1009/ ahs Regular/ alg 
5c DUS ae Nes MINI MOLD Sereno 50 25 | 50 150 | 125 F3/3F 60-120 ; 30 | 085 100 250 | 1.8 
Reversal Covverter Fa/4F 90-180 
apres | 
FS/SF 135-270 
he 4+ + ae ie oes +— T =. + + mat 4 
a2 40-80 
NPN a3 60-120 
N \ 
28C1321 Silicon eee MOLD | ue Amplifier 30 25 | 40 100 | 125 |——_-_—_+——__—_| 60 }] 20 150 900 | 13 
Epitaxial outa Qa 90-180 
as 135-270 
= | ae 4 af ft, + + —- + 4 4+—— ~- 
| B2/2 40-80 
28C1621/ NPN aaa MOLO igh cece RAS 0580 =) 
28C1621R cleat NEC MINIGROLD: |cSacton 40 20 | 50 150 | 125 83/3B 60-120 | 05 | 1.0 130 500 | 3.0 
i 
L Reversal 84/4B 90-180 
| 4 L | {off 
D6 200-400 
NPN NEC MINI MOLD: Audio Frequency = 
28C1622 Silicon | Regular High Gain 125 D7 300-600 | 3.0 | 05 130 100 } 3.2 
Epitaxial Amplifier t———_—-—, 
ps 450-900 
[bt 
L3/3L 60—120 
NON NEC MINI MOLD | Audio Frequency, L4/4u 90-180 
28C1623/ Regutar/ intermediate 
2SciesR Silicon | Nee MINI MOLD | Frequency 125 L5/5L | 135-270 | 60 | 1.0 180 260 | 3.2 
Epitaxial R ; 
leversal Amplifier L6/6L 200—400 
of | 
L L7/7L_ | 300-600 | 
r T 7 r a a a T \- 
Neh N2 90-180 
é 1 
28C1653 Silicon oa MINIMOLD | High Voltage 125 N3 135-270 | 30 | 15 100 120 | 23 
2 jeguiar Switch 
Epitaxial 
+— + jan — ae _| 
i NPN [os ites 
2sc16s4 Silicon” | NEC MINI MOLD | High Voltage 125 135~270 ; 100 120 | 23 
Epitaxial Regular Switch 
N7 200-400 
F + + + i st i ee Hi 
G3 80-130 
High Frequency 
NPN ; G4 110—170 
28C2107 Silicon NEC MINI MOLD Ampiifier, 125 50 300 25 
Epitaxial Regutar Medium Speed 
Pitan Switch 
L eee tee eee a i 











(to be continued) 





(continued) 





















































































































































































Absolute Maximum Ratings (Ta=25° C) Electrical Characteristics (Ta=25° C) 
; — T + + 
Type No. Structure Package Application Veso Vceo Vepo Io Pr 7; nee VeEisat) fT Cob 
wi | wi } vy | tmar] im] ee he Range imv} pov 
pps foc a aed ee el ee eee TVR: a 
7 Fi2 40-80 
Seek oes een ae | 
NPN F13 60-120 
282223 silicon | NECMINIMOLO | High Frequency | 35 | 29 | 4.0 | 20 | 150 | 125 60} 10 
Epitaxial Regular Amplifier F14 90-180 
| Fé 40-180 
ae a re or : 4. — +. + a en oo + - + + —- 
: NPN H Microwave 
j 28C2350 Silhcon serps morp Low Noise 30 14 3.0 50 250 150 ui 40-200 10 10 
i Epitaxial ! ave Amplifier 
r + + - + —- 4+ + 4 + +. + +~ 
i NPN H Microwave R2 40-120 
i 
> 2$¢2351 Sicon | Neo NIMOLD | Low Noise 2 | 12 | 30 | 70 | 280 | 180 }———— 10 | 20 
: Epitaxial gure Amplifier R3 100-200 
is ST acs i t r tT ms - r 
i] Dvi/1DV 110-180 
| 
7 l NPN { NEC MINI MOLD DV2/2DV 135-220 
| 2SD596/ | Regular/ Audio Frequency 
i 2SD596R ae 3 NEC MINI MOLD Amplifier 30 25 5.0 700 200 150 DV3/3DV 170-270 1.0 100 
: F \ 
Reversal H Ov4/4DVv | 200-320 
1 
i : DV5/5DV | 250-400 
jeer he ee -—. -_s { + + +--+ 
i Dw1/1DW | 110-180 
f ! a, | 
NPN | NEC MINI MOLD | Dw2/2DW | 135-220 
2SD780/ x Regular/ Audio Frequency ! 4 
2SD780R Cae s NEC MINI MOLD Amplifier 60 60 5.0 300 : 200 150 | DW3/3DW | 170-270 1.0 50 
i 
Reversal Dw4/40w | 200-320 
Dw5/50wW | 250-400 
L i js Sep, (Sean res 4 | an al 
NPN | NEC MINI MOLD General Purpose 
NTM2222A/ Regular/ Amplifier 300 {MAX.) 300 8.0 
Sil is 
NTM22220R | 2Ot0" |, | NECMINIMOLD | High Speed 75 | 40 | 6.0 | 800 | 200 | 150 | BIS/18B | 100-300 | 10 | 180 1 io=150mA | (min) | (MAX.) 
Reversa! Switch 
eens {, } } _ 1 4 + + 
pNe NEC MIN! MOLD | Generali Purpose 
NTM2907A4/ Regular/ Amplifier, —400 (MAX.}; 200 8.0 
t ~ a Ss = = = = 
NTM2907AR pee NEC MINI MOLD | High Speed 60. | p85 |) 28.0: |= 8005) 200. 180 «|» VISLISY™ |: $00— 300 10 | 150 | 2 150mA | (MIN.) | MAX] 
: | Reversal Switch 
L | a | = t——- ++ 
NEC MINI MOLD 
NPN General Purpose 
NTM3904/ F Regular/ 200 (MAX.) 300 4.0 
1 h | 
NTM3904R Silicon NEC MINI MOLD Switch and 60 40 6.0 200 200 150 B25/25B 100—300 1.0 10 te=—10mA | (Min. |(MAX.) 
Epitaxial Amplifier Cc 
Reversal 
Ea } 4 { 4 ae +-- a pa Ea a sl 
ntmago6/ | PNP sain MOL® | General Purpose 250 (MAx.)| 250 | 45 
_ aa 
h iw 2 5.0} - = my - : : 
NTM3906R pulse NEC MINI MOLD ee 40 40 5.0 200 | 200 160 Y25/25Y 100-300 1.0 10 ig=—10mA | (MIN.) | (MAX.) 
"2 Reversal e iz a | _| 
et L 
Field Effect Transistors 
T 7 “Ty 
Absolute Maximum Ratings (Ta=25°C) Electrical Characteristics (Ta=25°C) 
Type No. Structure Package Application VG 
v i P. Ty; | Stott) 
ra Tt eq | oars Des v) ima) | (pF) 
(Vv) {v) (mA) (mw) (°C} Range 
— Deis bs Mets typ. | Tye. 
ot = ae cae Tans as a 
J2 20-40 = (uA) 
J3 35-70 (uA) 
J4 60-120 (uA) 
Silicon NEC MINI MOLD impedence 
h. 1 - = 
— Ray Regular Converter a , 80 700 46 100-200 (uA) ee 55 
J6 150-300 (uA) 
J? 270-540) (A) 
J8 | 05-10 (ma) 
= T + -4 = + + 4 + at = 
K4 05-15 (mA) 
Silicon Audio and Radio KS 1.0-3.0 (mA) 
28K160 | N-channel pee ake MOLD | Ec requency -30 | -30 | 20 | 1580 | 125 5.0 0 -11 41 | 40 
Junction 2 Amplifier K6 {| 2.0-6.0 (mA) 
: K7 40-12 (mA} 
iis 1 LL. Lt 2 | ) i a i ae _| : 
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Diodes 






































regs Tf eer | ee - om Oa my See ~ “Re 
Absolute Maximum Ratings (Ta=25° C) Electricat Characteristics (Ta=25°C) 
| es 8 os mai 4 7 Tr > - 
Type No Mark Structure Package Application Vam| Ya lesm} tem lo T Ve iv) Ve, tv) Ve, (Vv) IR (HA) c ter 
$ 
‘v) tv) (a) ima) | (ma) eC) MAX. te MA EA ee ‘ sae ay (pF) {ns} Note 
ese iste neers t uae aes ee esc Ua MOMMA 72 SOMA). SOOM ADS 22 SAN MAR tad 
182835 A3 35 30 1.0 1.0 1.2 0.1/30 40 40 
EpSi NEC MINI MOLD | High Speed 60° 450* 150° Test Conditions 
j}-—-—-_ | Foal , 125 => tr : = 
Double Common Anode Switch 40 300 100 7 C: VR=0 
182836 A4 75 50 1.0 1.0 1.2 0.1/50 4.0 4.0 f= 1.0MHz 
1 [ge = 10mA 
oreea aera EE Fe ae ee a ar ee, | acer | 
1$2837 AS 35 | 30 1.0 to of 12 0.1/30 4.0 | 3.0 Ry = 100% 
Epsi NEC MINI MOLD | High Speed 6.0* | 450° 150° 125 an u o1-t 
—— besa : ae - ave ae 4 4 lee = 
Double | Common Cathode} Switch 4.0 } 300 | 100 y id : 
182838 AE 75 50 1.0 1.0 1.2 0.1/50 40 3.0 
a | WES ere L el St ee Bene Ve 5 eed J 
























































* Total Current 
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10. Specifications of MINI MOLD Device 























| | me sala : Nearest Equivatent® TO-92 Packaged Equivatent Page 
a 
ce cr 
2SA811 MMBAB11,MMBA812 2SA641 21 
2SA812/2SA812R BCW29,8CW30,BCW69,BCW70,MMBTA70 2SA733,BC556,8C557,8C558,8C559,8C560 | 25 
one | 288956 | MMBAQS6 2SA603 29 
Tran. | 288624/2SB624R BCX18 2SA952,JE9012 33 
S80 | 958736/2SB736R BCX17,MMBTASS 2SA953 35 
NTM2907A/NTM2907AR | MMBT2907,MMBT2907A NT2907A 87 
NTM3906/NTM3906R | MMBT3906 2N3906 93 
a + al mo 
28C1009/2SC1009R =, MMBC1009 2S¢839 37 
| 98c1321 | MMBC1321,MMBT918 2SC800 (Micro Disk) 4 
| 2sc1621/28c1621R MMBC1621,MMBT2369 281216 (TO-18) 45 
2861622 | MMBC1622,MMBT6428,MMBT6429,BCW33 2SC923,BC549,BC550 49 
28C1623/2SC1623R  MMBC1623,MMBTA20,BCW31,BCW32,8CW60,8CW71,8CW72 | 2SC945,8C546,8C547,8C548 53 
2801653 | MMBC1653 2801278 © 87 
wen | 28¢1654 MMBC1654,MMBTS5550 28C1279© 5? 
Tran- | 28C2107 MMBC2107 2SC943 (TO-18) 61 
stor | 9502223 2SC1674,JE9016 6s 
2802360 MMBR2060,MMBR4957,MMBR5031 2802026 69 
28C2351 MMBR901,MMBR920,MMBR930 281570 73 | 
2S0596/2SD596R BCX20 2$C2001 JE9013 ” 
2SD780/2SD780R BCX19,MMBTAOS 2$€2002 79 
NTM2222A/NTM2222AR | MMBT2222,MMBT2222A NT2222A 81 
NTM3904/NTM3904R | MMBT3904 2N3904 99 | 
an esd | 4 | 
2SK67 2SK92 105 | 
FET 
28K 160 2SK104 109 
= | } ceca 
182835 BAWS6,BAW66,BAW68,MMBD2835 113 
| 182836 BAW56,BAW66,BAW68,MMBD2836 113 
Pode | 62837 BAW64,BAW65,BAW67,.MMBD2837 18953 (D0-35) 117 
| 182838 BAW64,BAW65,BAW67,MMBD2838, MMBD6100 18964 (D0-35) 117 
Levees ee ee a 








* Encapsulated in TO-236 (SOT-23) Package 
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Motorola 


MMBA 811 
MMBA 812 
MMBA 813 
MMBA 956 
MMBC 1009 
MMBC 1321 
MMBC 1621 
MMBC 1622 
MMBC 1623 
MMBC 1653 
MMBC 1654 
MMBC2Z107 
MMBD28 35 
MMBD28 36 
MMBD28 37 
MMBD28 38 
MMBD 914 
MMBD6050 
MMBD6100 
MMBD7000 
MMFB44 16 
MMBF4860 
MMBF5457 
MMBF5460 
MMBF5484 
MMBFU310 


MMBR 90: 


MMBR 920 


MMBR 930 
MMBR 931 
MMBR2060 
MMB R4957 
MMB R5031 
MMB R5 179 
MMBT 918 
MMBT2222 
MMBT2222A 
MMBT 2369 
MMBT2907 
MMBT2907A 
MMBT 3640 
MMBT3904 
MMBT 3906 
MMBT5550 
MMB T6428 


Cross Reference Guide to Mini Mold Device 


2SA 811 
2SA 812 
2SA 812 
2SA 956 
2SC 1009 
2SC 1321 
2SC 1621 
2SC 1622 
2SC 1623 
2SC 1653 
2SC 1654 
2SC2107 
182835 
182836 
182837 
1S28 38 
None 
None 
182838 
None 
None 
None 
2SK94 
None 
None 


None 


2SC2351 


2S8C 2351 


2S8C2351 
2S8C 2350 
2SC 2350 
2SC 2350 
28C2350 
None 
28C 1321 
NTM2222A 
NTM2222A 
NTM2369 
NTM2907A 
NTM2907A 
None 
NTM3904 
NTM3906 





None 


None 





VCEO 
Selection 


VCEO 
Selection 








MMBT6429 
MMBTAO05 
MMBTA06 
MMBTA13 
MMBTA14 
MMBTA20 
MMBTA42 
MMBTA43 
MMBT A55 
MMBTA56 
MMBTA70 
MMBTA93 
MMBTH24 
MMBTH81 


None 
None 
None 
None 
None 
2SC 1623 
None 
None 
2SA 812 
None 
None 
None 
None 


None 











European 


BAT 18 
BAV70 
BAV99 
BAW56 
BCW29 
BCW30 
BCW31 
BCW32 
BCW33 
BCW60 
BCW61 
BCW65 
BCW66 
BCW67 
BCW68 
BCW69 
BCW70 
BCW71 
BCW72 
BCX17 
BCX 18 
BCX19 
BCX20 
BCX70 
BCX71 
BF554 
BFR30 
BFR31 
BFR35A 
BFR92 
BFR93 
BFS17 
BFS18 
BSF 19 
BFS40 
BFS4} 
BFS46 
BFS85 
BFS88 
BFT75 
BSS64 
BSSs79 
BSS80 
BSV35A 
BSV52 
BSV65 





None 
1S28 38 
188123 
182836 
2SA 812 
2SA 812 
2SC 1623 
2SC 1623 
2SC 1622 
NTM3904 
NTM3906 
NTM2222A 
NTM2222A 
NTM2907A 
NTM2907A 
2SA 812 
2SA 812 
2SC 1623 
2SC 1623 
2SB 736 
2SB 624 
2SD 780 
28D 596 
NTM3904 
NTM 3906 
2SC 1009 
2SK 160 
2SK 160 
28C2351 
28C2351 
2SC2351 
2SC 1321 
2SC 1009 
2SC 1009 
2SB 736 
2SB 736 
2SC 1321 
2SC 1321 
2SC 1321 
28C2351 - 
2sD 780 
NTM2222A 
NTM2222A 
2SC 1621 
NTM2369 
NTM2369 











NEC SILICON TRANSISTORS 


ELECTRON DEVICE 
BCX51,BCX52,BCX53 
PNP SILICON EPITAXIAL TRANSISTOR 
POWER MINI MOLD 
DESCRIPTION 


The BCX51 to 53 are designed for audio frequency power amplifier application, especially in Hybrid Integrated Circuits. 


FEATURES 
@ World Standard Miniature Package : SOT-89 
@ High Collector to Base Voltage : Vego >— 100 V 
een Nceae @ Excellent DC Current Gain Linearity 
: hee = 80 TYP. (Vce =—2.0 V, te =-500 mA) 
@ Complements to NPN type BCX54 to 56 


PACKAGE DIMENSIONS 


in millimeters (inches) 










S ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 
28 x Maximum Voltages and Currents BCx51| BCX52!| BCX53 
co = Collector to Base Voltage VcBo —45 -60 | -100 Vv 
<= | re Collector to Emitter Voltage VcEO —45 —60 —80 Vv 
< Collector to Emitter Voitage | 
(RgeE=1k2) VcER —45 -60 | -—100 Vv 
0.48 MAX. . Emitter to Base Voltage VEBO -5.0 V 
0.44 MAX. Collector Current (DC) Ic —1.0 A 
(0173) Collector Current (Pulse) * lc —1.5 A 
3.0 (118) Maximum Power Dissipation 
E: Emitter Total Power Dissipation ** Pr 2.0 Ww 
8: Base Maximum Temperatures 
C: Collector Junction Temperature Tj 150 °c 
Storage Temperature Range Tstg —55 to +150 °c 


*PW S10 ms, duty cycle $50 % 
**When mounted on ceramic substrate of 2.5 cm? x0.7 mm 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
CHARACTERISTIC SYMBOL 


Collector Cutoff Current ICBO nA | Vcp=—30 V, le =0 
Collector Cutoff Current IcBo uA | Vcp=—30 V, le=0, T)=125 °C 
Emitter Cutoff Current leBO Veg =—5.0 V, Ic =0 











i 





DC Current Gain hee Voce =-2.0 V, Ic =—-5.0 mA 


BCX51 
DC Current Gain ih = VceE =—2.0 V, Ic =-150 mA 








BCX52, BCX53 
DC Current Gain Vce =—2.0 V, lc =-500 mA 
Collector Saturation Voltage Ic =—500 mA, Ip =—50 mA 
Base Saturation Voltage i : I¢ =—500 mA, Ig =—50 mA 
Base to Emitter Voltage ‘ VceE =—-2.0 V, Ic =-500 mA 
Gain Bandwidth Product . Vce =—5.0 V, Ip =10 mA 
Output Capacitance | | Veg =—10 V, Ig =0, f= 1.0 MHz 
***Pulsed: PW S 350 us, duty cycle $2 % 









































hee Classification 





Marking | BCX52 
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BCX51,BCX52,BCX53 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


hee —DC Current Gain 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


When mounted on 
ceramic substrate 


{of 2.5 cm’ X0.7 mm 

















PJ —Total Power Dissipation —-W 




















0 25 50 75 100 125 150 175 


Ta—Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


I¢ —Collector Current~mA 





























0 -2 -4 -~6 -8 -10 -12 -14 -16 -18 ~—20 





VceE —Collector to Emitter Voltage —V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 




























































































-1 -2 -5 —10 -20 50 —100—200 —500- 1000-2000 





I¢ —Collector Current—mA 


NEC auctron vevce 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


























Ic —Collector Current —mA 



































0 -0.4 -0.8 12 =156 ~2.0 
VcE —Collector to Emitter Voltage —V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 








hi 
Ty 


+t 


i 
Hi 
Hill 
| 











ic —Collector Current—mA 






































0 -0.2 -0.4 -0.6 ~-0.8 -1.0 -—1.2 -1.4 -1.6 
VBE Base to Emitter Voltage—V 


COLLECTOR SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 































































































VCE(sat) —Collector Saturation Voltage —V 





=I =e -~5 ~10 -20 -50 ~100 —200 —500 —1000 


I¢ —Collector Current —mA 


OR 


NEC sctnon oevice 


VBE(sat)— Base Saturation Voltage —V 





BASE SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


















































-0.1-0.2  -05-1,0 -2.0 -5.0 -10 —20  —50 —100 


I¢ —Collector Current —mA 


OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 








Cob — Output Capacitance —pF 




















Vcp—Collector to Base Voltage —V 
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fT —Gain Bandwidth Product -MHz 





BCX51,BCX52,BCX53 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 











N 
= 





NE 
mae 
= 






























































lg —Emitter Current—mA 


NEC 


‘ELECTRON DEVICE 


NPN SILICON 


SILICON TRANSISTORS 


BCX54,BCX55,BCX56 


EPITAXIAL TRANSISTOR 


POWER MINI MOLD 


DESCRIPTION 


The BCX54 to 56 are designed for audio frequency power amplifier application, especially in Hybrid Integrated Circuits. 


PACKAGE DIMENSIONS 
in millimeters (inches) 


4.6 MAX. 
(181) 


1.6 MAX. 


(.063) 






4.25 MAX. (.167) 


E. Emitter 
B: Base 
Cc: Collector 


FEATURES 
® World Standard Miniature Package : SOT—89 
@ High Collector to Base Voltage : Vcgo > 100 V 
®@ Excellent DC Current Gain Linearity 

a hee = 80 TYP. (VcE =2.0 V, Ic = 500 mA) 
® Complements to PNP type BCX51 to 53 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 


Maximum Voltages and Currents BCX54 | BCX55| BCX56 








Collector to Base Voltage VcBO 45 60 100 Vv 

Collector to Emitter Voltage VcEO 45 60 80 Vv 

Collector to Emitter Voltage | | 

(Rge=1k2) VceER 45 60 100 Vv 

Emitter to Base Voltage VEBO. 5.0 Vv 

Collector Current (DC) Ic 1.0 A 

Collector Current (Pulse) * le 1.5 A 
Maximum Power Dissipation 

Total Power Dissipation ** Pr 2.0 Ww 
Maximum Temperatures Ms 

Junction Temperature Tj 150 of 

Storage Temperature Range Tstg -55 to +150 Cc 


*PW <10 ms, duty cycle = 50 % ; 
**When mounted on ceramic substrate of 2.5 cm~ x 0.7 mm 


ELECTRICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


CHARACTERISTIC SYMBOL 


‘TEST CONDITIONS 





Collector Cutoff Current ICBO 


nA Vcp =30 V, Ie =0 





Collector Cutoff Current ICBO 


BA Vcp=30 V, Ip =0, T)=125 °C 





Emitter Cutoff Current 'EBO 





DC Current Gain hre 


nA | VEB=5.0 V, Ic =0 
' Vee =2.0 V, Ico =5.0 mA 





BCX54 








DC Current Gain 


BCX55, BCX56 | 


VCE =2.0 V, Ic =150 mA 
—t 





DC Current Gain 
Collector Saturation Voltage 


hFE3 


Vce =2.0 V, Ic =500 mA 
ic =500 mA, Ig=50 mA 





Base Saturation Voltage 


ic =500 mA, Ig =50 mA 








Base to Emitter Voltage 


VcE=2.0 V, Ic =500 mA 





Gain Bandwidth Product 





VcE=5.0 V, IE=—-10 mA 








Output Capacitance 

***Pulsed : PWS 350 us, duty cycle 2 % 
hee Classification 
BCX54 














Vcp=10 V, le =0, f=1.0 MHz 





Marking BCX55 





BCX56 








hFEQ 


ar 


BCX54,BCX55,BCX56 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


Py —Total Power Dissipation —W 


\¢—Coltector Current —ma 


Neg —DC Current Gain 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 














3.0 
When mounted on ceramic 
substrate of 2.5 cm?x0.7 mm 
2.0 + pee 
1.0 


























75 100 125 
Ta—Ambient Temperature — °C 


150 175 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


























16 
Vog —Collector to Emitter Voltage —V 


18 20 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 







































































100 200 500 1000 2000 


5 10 20 50 
I¢ —Collector Current —mA 


aa 


I¢ —Collector Current— mA 


!¢—Collector Current—mA 


VCE(sat) —Collector Saturation Voltage—V 
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NEC wectnon vevce 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


























0 0.4 





° 
~ 


2 
fo) 
a 


° 
t=] 
@ 


man 
1 2 5 





























0.8 1.2 1.6 2.0 


Voge —Collector to Emitter Voltage —V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 






































0 0.2 04 








0.8 1.0 1.2 1.4 


Vee —Base to Emitter Voltage —-V 


COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 





Io = 10+lg 
Pulsed 





































































































50 
l¢ Collector Current —mA 


10 20 100 200 


IWC \ ELECTRON DEVICE 


VBE(sat)~ Base Saturation Voltage—V 


Cop —Output Capacitance — pF 


BASE SATURATION VOLTAGE vs 
COLLECTOR CURRENT 


Ic=l0-tg 
Pulsed 




























































































] 2 5 10 20 50 100 =200 500 1000 
\¢ —Collector Current —- mA 


OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 











































































































] 2 5 10 20 50 100 
Vcop—Coliector to Base Voltage —V 


27 


ft —Gain Bandwidth Product —MHz 


BCX54,BCX55,BCX56 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


























8 
























































-1 72. =5 -10 -20 -50 -100 
\g¢ —Emitter Current —mA 





NEC 


SILICON TRANSISTORS 


ELECTRON DEVICE NTM2222A,NTM2222AR 


GENERAL PURPOSE AMPLIFIER, HIGH SPEED SWITCHING 
NPN SILICON EPITAXIAL TRANSISTOR 


DESCRIPTION 


“MINI MOLD TYPE” 


The NTM2222A, NTM2222AR are designed for general purpose amplifier and high speed switching applications, especially 


Hybrid Integrated Circuit. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


2.5293 
(0.098) 












0.579: |(0.019) 0.52378 (0.019) 





1.5 








= 
no} 
is] 
o 
od 
S 
© 
=|. uw 
=) oo 
at tS bebe) 
ro] to) Son 
AS) eS) 
3| 8 ae 
4) 
ia] 
N 
De 
+5 
foe) : 
So Marking 
= 


1.1237 
(0.043) 


0.1673 46 
(0.006) 


0.1~0.25 + 


Lean 
om 
4 
om (0.004 ~0.01) 
NTM2222A NTM2222AR 
1. Emitter 1. Base 
2. Base 2. Emitter 
3. Collector 3. Collector 
Marking B15 15B 


FEATURES 
® Complementary to NTM2907A, NTM2907AR. 
@ High gain bandwidth product : f =300 MHz MIN. 
© Low collector saturation voltage : 
Vee (sat) =9.3 V MAX. (Ie = 150 mA, Ig = 15 mA) 
@ High speed switching. 
@ Electrically similar to 2N2222A. 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 


Maximum Voltages and Current 


Collector to Base Voltage Vcso 75 Vv 

Collector to Emitter Voltage Vceo 40 Vv 

Emitter to Base Voltage Veso 6.0 Vv 

Collector Current (DC) Ic 800 mA 
Maximum Power Dissipation 

Total Power Dissipation Pr 200 mW 
Maximum Temperatures 

Junction Temperature Tj 150 °c 

Storage Temperature Range Tstg —55 to +150 °C 
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INIIVIZZEZA, NIM ZZZZAK NEC enectnon vevice 


ELECTRICAL CHARACTERISTICS (Ta= 25 °C) 


CHARACTERISTIC SYMBOL : ‘ TEST CONDITIONS 





= 
Collector-Base Breakdown Voltage BVcBO Ic =10 BA, IE =0 





Collector-Emitter Breakdown Voltage BVCcEO Ic =10mA, Ip =0 
+- 





Emitter-Base Breakdown Voltage BVEBO le=—10 WA, Ic=0 


'CEX Vee =-3.0 V 


Collector Cutoff Current Fe a Ta ce aa 
| | Vcp=60 V, Ip =0 


CBO 
hFE1 35 | VceE=10 V, Ig =100 uA 








hFEe2 50 Vce=10 V, I¢=1.0 MA 





DC Current Gain hFE3 75 VcE=10 V, ic =10 mA 





hFE4 Vce=10 V, Ic=150 mA *T 





heES VcE=10 V,I¢=500mA *1 





, VCE (sat) 1 ; Ic=150 mA, Ig=15mA = *1 
Collector Saturation Voltage — 





VCE (sat)2 ; le Boe ie AB =bO MnAS Ft 








if s < 
VBE (sat) 1 6. ifs Ae I¢=150 mA, Ig=15mMA —*1 


Base Saturation Voltage 





VBE(sat)2 : { I¢= 500 mA, Ip =50 mA *1 
Gain Bandwidth Product fr MHz Voce =20 V, Io =20 mA, f= 100 MHz 
Output Capacitance Cob i | pF Vcop=10 V, le =0, f=1.0 MHz 

T 


Input Capacitance Cib pF Vep=0.5 V, ic =0 f=1.0 MHz 





























*1 These parameters must be measured by pulse techniques. 
PW S 350 us, duty cycleS 2 %. 


29 


NEC eiecrron vevice 


SWITCHING CHARACTERISTICS 


CHARACTERISTIC 





UW 8 PWi GGG Ger ag ses ses wee - -_ - 


TEST CONDITIONS 





Delay Time 


Voc=30 V, Vee =—-0.5 V 





Rise Time 


Fall Time 








See test circuit 


SWITCHING TIME TEST CIRCUIT 


Vep=-0.5V Vcc=+30V 






0.47 wF 0.47 pF 


+10.4V 
ee | | 0.47 uF 
0 VIN 





Vout 


50 Q 

PW < 200 ns TO OSCILLOSCOPE 
ty <2,0ns ZN > 100 kQ 

Zin =502 Cin <12pF 


tr< 5.0 ns 


ton SWITCHING 


Vap= — 23.8 V Vcc= +30 V 





PW10 us 
Zin =5022 
Tc <5.0ns 
TO OSCILLOSCOPE 
Zin > 100 k2 
Cin <12pF 
tr << 5.0 ns 


The 20 kQ and 50 Q resistors on the output of the test circuit are 
normally omitted, due to the excessive attenuation of the collector 
waveform, The collector voltage is monitored directly with a high 
impedance oscilloscope prove. 


tore SWITCHING 


30 


Ic = 150 mA, 1p, =15 MA 


Voc=30 V, Ic =150 mA 
Igq=—-lp2=15 MA 





INPUT 







OUTPUT 


VOLTAGE WAVEFORMS 


INPUT 







OUTPUT 


VOLTAGE WAVEFORMS 


NIMZZZZA, NIM2ZZ222AR NEC ttctron oevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION COLLECTOR CURRENT vs. 
vs. AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 


250 500 








Free air 200 

















8 























wR 
on 
oO 
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lc Collector Current--mA 

















ai 
Oo 





Pr—Total Power Dissipation —mW 





















































05 
0 25 50 75 100 125 150 02 #03 04 058 O06 O07 O8 09 1.0 


Ta—Ambient Temperature —°C VpE-~Base to Emitter Voltage—V 


COLLECTOR CURRENT vs. BASE AND COLLECTOR SATURATION VOLTAGE 


COLLECTOR TO EMITTER VOLTAGE si esas cla CURRENT 








tc—Collector Current— mA 
































Vcksat) —Collector Saturation Voltage —V 
Varisav)—Base Saturation Voltage —V 
3 




























































——O——*:z£====_=_vear 
0 10 20 30 40 50 05 #10 2.0 5.0 10 20 50 100 200 500 
Vce—Collector to Emitter Voltage—V lc—Collector Current —mA 
































DC CURRENT GAIN vs. 
COLLECTOR CURRENT 























|_| 
mua 
1 elt 
WY 
COM TTS 

ct et 
ee 
10 2.0 50 10 20 50 50¢ 


100 200 
Ic—Collector Current—mA 


i | 
eee 
S 
jt 


hre—DC Current Gain 
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NEC ttectron oevice NIMZ2ZZZA, NIMZZZ2ZZAn 


GAIN BANDWIDTH PRODUCT INPUT AND OUTPUT CAPACITANCE 
vs. EMITTER CURRENT vs. REVERSE VOLTAGE 


Vce=20 V f=1.0 MHz 
[| \e=O(Con) 
r (¢ =0(Cin) 
ce a Wa - 

















f+t—Gain Bandwidth Product — MHz 
Cob—Output Capacitance — pF 
Ci» —Input Capacitance — pF 


a 

Po 

-10 —3.0 —10 —30 — 100 
'e—Emitter Current —mA 



















































































1, 
0.1 0.3 1.0 ‘3.0. 10 30 100 


Vcp—Collector to Base Voltage—V 
Ven—Emitter to Base Voltage—V 


DELAY TIME vs. RISE TIME vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 


Vcec=30V 
lc/lIB=10 











ta—Delay Time—ns 
tr—Rise Time—ns 
























































1 (a a a is 
27 / 





5 5.0 10 20 50 100 200 500 
Ic—Collector Current —mA Ic—Collector Current —mA 
STORAGE TIME vs. FALL TIME vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 


lpi= —!B2 
Ic/In=10 to 20 














tr — Fall Time —ns 





tseg—Storage Time—ns 












































5.0 10 20 50 100 200 500 5.0 10 20 50 100 200 500 
lc—Collector Current—mA MES Ic¢—Collector Current—mA 
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EC SILICON TRANSISTORS 


ELECTRON DEVICE NTM2369,NTM2369R 


HIGH SPEED SWITCHING, GENERAL PURPOSE AMPLIFIER 
NPN SILICON EPITAXIAL TRANSISTOR 
“MINI MOLD” 


DESCRIPTION 


The NTM2369, NTM2369R are NPN transistors, designed for general purpose amplifier and high speed switching applications, 
features injection molded plastic package for hybrid IC. 


FEATURES 
PACKAGE DIMENSIONS 


® High frequency current gain. 
in millimeters (inches) 


@ High speed switching. 
@ NTM2369, NTM2369R electrically similar to 2N2369. 


+05 
25-93 


(0.098) 






= 
a 
<£ 
8 
|. 3 ° 
sl § ma ABSOLUTE MAXIMUM RATINGS (Ta=25 C) 
Ww Ss re) 
Fl & % 8 Maximum Voltages and Current 
fon) [aad ~~ 
~ Collector to Base Voltage VcsBo 40 V 
at Collector to Emitter Voltage VcEO 15 Vv 
ae ; 
a gare Emitter to Base Voltage VeBo 4.5 Vv 
Collector Current Ic 200 mA 
No Maximum Power Dissipation 
cog 
ag 8 Total Power Dissipation Py 200 mW 
aif So 
Qa +5 8 Maximum Temperatures 
Se as ; ° 
s rad see © Storage Temperature Tstg -55 to +150 = 
NTM2369 NTM2369R Operating Junction Temperature Tj 150 Cc 
1. Emitter 1. Base 
2. Base 2. Emitter 
3. Collector 3. CoHector 
Marking B32 328 
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NTM 2369,NTM 2369R IV & >=ELECTRON Utvice 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


CHARACTERISTIC SYMBOL : , TEST CONDITIONS 
Collector to Base Breakdown Voitage BVcBO : Ic =10uA, Ie =0 











Collector to Emitter Breakdown Voltage | BVCEO Ic =10mA, ip=0 





Emitter to Base Breakdown Voltage BVegO ‘ le =10uA, Ic =0 





Collector Cutoff Current ICBO . VcB= 20V, IE =0 
hee4 VcE=1.0V, Ic =10mA 
hee? VCE =2.0V, Ic = 100mMA 





DC Current Gain 








VCE(sat)1 ic = 10mA, Ig =1.0mA 
Collector Saturation Voltage }— 
VCE (sat)2 I¢ = 100mA, Ig = 10mA 








Vv . Ic =10mA, Ip =1.0mMA 
Base Saturation Voltage pais) 2 : 





Vv ic =100mA, !B=10mA 
BE (sat)2 _ 10 »'B™ 
ae L 


Gain Bandwidth Product 7 Vce = 10V, Ic = 10mMA 
Output Capacitance | Cob . | Vcp =5.0V, Ie =0, f= 1.0MHz 

















Input Capacitance Cib - VeEB=1.0V, Ic =0, f= 1.0MHz 











SWITCHING CHARACTERISTICS (Ta = 25°C) 


Vcec=3.0V, Ic =10mA, 
1B1=3.0mMA, VBE (off) =- 1.5V 


Vcc =3.0V, Ic =10mA, 
Ip1=3.0mA, Ipa=-1.5mA 


1c =10mA, Ip1 =-1g2=10mA 








SWITCHING TIME TEST CIRCUIT 
Ton, Toff TEST CIRCUIT Tstg TEST CIRCUIT 


Your “A O1uF Your 








Vour 
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INEL™ ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta= 25°C) 


Ve sat) Collector Saturation Voltage —V 
Vee(sat) ~Base Saturation Voltage —V 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 




























































































Free Air 
= 
€ 
i 
<4 
2 
3 
2 
8B 
fa) 
o 
4 
{>} 
a 
ws 
ka) 
bE 
} 
a 
40 80 120 160 200 
Ta—Ambient Temperature —°C 
COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
500 
«x 400 
£ 
| 
5 
© 300 
3 
o) 
s 
& 200 
[o} 
o) 
2 
100 
0 0.4 0.8 1.2 16 2.0 
Vce —Collector to Emitter Voltage —V 





COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


4.0 


2.0 


1.0 
08 
0.6 


0.4 


0.2 


0.1 
0.08 
0.06 


0.04 






























































— Io =10+lg 
VBe(sat) 
Ta=75C 
—25°C 
: 25° C44 
+ 4 
V 
CE{sat) Ta=75°C 
7 —25°C 
25C 









































0.1 03 10 ©6030 10 30 100 


|-~Collector Current—mA 
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Cob — Output Capacitance — pF 


Io —Collector Current —mA 


hee —DC Current Gain 


ip ~ Input Capacitance — pF 


Cc 


NTM2369.NTM2369R 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


















































0 4 8 12 16 20 
Vce Collector to Emitter Voltage —V 





DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
























































0.1 0.3 10 30 10 30 100 
lo ~-Collector Current—mA 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 


1e=0(C ob) 
1-=0(C ib) 





























































































































Ol 03 #10 30 10 30 #100 


Vcg —Collector to Base Voltage—V 
V-g —Emitter to Base Voltage -V 


NTM2369,NTM2369R 


f+—Gain Bandwidth Product — MHz 


GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 






5000 FF 


| 
ro] 
zooo LETT TTT Tn 


50 544 


|_| 1s a rs 
soft ot 
LLL TLE 


-10 -30 -100 





10 
-0.1 —-03 


a1 I | 
ahs NS ce 
PAT 


wziillll 































—10 —30 
le Emitter Current—mA 


th 
——— tt 
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Switching Time —ns 


SWITCHING TIME 


INL & ELECTRON DEVICE 


vs. COLLECTOR CURRENT 


Vcc =3.0V 
|c=10+l g) =—10+lgp 



































Ip Collector Current — mA 


NEC SILICON TRANSISTORS 
eaiaiciciat NTM2907A, NTM2907AR 


GENERAL PURPOSE AMPLIFIER, HIGH SPEED SWITCHING 
PNP SILICON EPITAXIAL TRANSISTOR 
““MINI MOLD TYPE’’ 


DESCRIPTION 


The NTM2907A, NTM2907AR are PNP Transistor, designed for general purpose amplifier and high speed switching 


applications, features injection molded plastic package for Hybrid IC. 


PACKAGE DIMENSIONS 









FEATURES 
in millimeter . : 
2.5 +08 e High frequency current gain. 
““-0,3 
O57845. 0.57928 e Low collector saturation voltage. 





a e High speed switching. 
: ¢ NTM2907A, NTM2907AR electrically similar to 2N2907A. 
0 38 
2} & = ABSOLUTE MAXIMUM RATINGS 
7 Maximum Voltages and Current (Ta=25 °C) 
Collector to Base Voltage VcCBO -60 Vv 
Mark Collector to Emitter Voltage VCEO -60 Vv 
Emitter to Base Voltage VEBO -5.0 Vv 
35 : Collector Current Ic -600 mA 
be | ' 3¢ Maximum Power Dissipation (Ta=25 °C) 
a +2 Total Power Dissipation Pr 200 mW 
2 Maximum Temperatures 
ia Storage Temperature Range Tstg -55 to +150 °C 
Junction Temperature Tj 150 a 


NTM2907A NTM2907AR 
1. Emitter 1. Base 


2, Base 2. Emitter 
3. Collector 3. Collector 
Marking Y15 15Y 
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NTM2907A,NTM2907AR NEC tecrron oevice 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL 


Collector to Base Breakdown Voltage | BVCBO 









TEST CONDITIONS 





MAX. . 









1Cc=-10uA,!1B=0 













Collector to Emitter Breakdown 
Voltage 






Ic=-10mA,R BE= © 














Emitter to Base Breakdown Voltage lE=-10uA,I1C=0 
Vce=-30V,VBE=-0.5V 


Vcp=-50V,1E=0 





Collector Cutoff Current 




















VCcE=-10V,I|Cc=-100KA 
VcE=-10V,Ic=-1.0mMA 
VCE=-10V,!c=-10mMA 
VcEe=-10V,Ic=-150mMA 
VcE=-10V,Ic=-500mA 












DC Current Gain 























-0.4 Vv 
VCE(sat)2 -1.6 Vv | Ic=-500mA,Ip=-50mA 


VBE (sat) 1 -1.3 V Ic=-150mA,Ip=-15mMA  *1 
VBE(sat)2 -2.6 Vv Ic=-500mA,!B=-5OmMA *1 


fT Ic=-50mA,VcE=-20V, 
f= 100MHz 
Cib 30 


Input Capacitance 
1 


VCE(sat)1 Ic=-150mA, |p=-15mA 








Collector Saturation Voltage 














Base Saturation Voltage 















Gain Bandwidth Product 








Vop=-10V, | E=0,f=1.0MHz 











VER=-2.0V, Ic=0, f=1.0MHz 


3 These parameters must be measured using pulse techniques. 


PWS 350us, duty cycle<2%. 
SWITCHING CHARACTERISTICS (Ta=25°C) 
CHARACTERISTIC SYMBOL MIN. | MAX. TEST CONDITIONS 
ee eas r 
Delay Time t 10 ns 


d 
Vcec=-30V,Ic=-150mA 
Rise Time tr 
VBE=0,1B1=-15mA 








~ || 
= 








Vcc=-6.0V,Ic=-150mA 
Ip1=-!p2=-15mA 


Fall Time t+ 30 
Turn Off Time toff 100 


See test circuit. 
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NEC ELECTRON DEVICE 


SWITCHING TIME TEST CIRCUIT 


Vec=-30V 






VIN 


- dl 
| -|200 ns 


Zo = 502 TO OSCILLOSCOPE 
PRF = 150 pps tp <5.0 ns 
tr<2.0 ns ZIN = 10 MQ 


ton SWITCHING 


VIN 





; sah 
-30V 
Fear 200 ns 


Zo = 502. TO OSCILLOSCOPE 
PRF = 150 pps ty <5.0 ns 
tr <2.0 ns Zin = 10 MQ 


tof SWITCHING 
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NTM2907A,NTM2907AR 
INPUT 
itg 
ee 
aoe 
| f90% 
OUTPUT | 


VOLTAGE WAVEFORMS 





INPUT 
( tstg 
{ 
itty 
( 
90%+ |! 
OUTPUT 
10% 


VOLTAGE WAVEFORMS 


NTM2907A,NTM2907AR 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION vs. 


oes AMBIENT TEMPERATURE 


Free air 





200 


100 


P+ — Total Power Dissipation — mW 

















Ta — Ambient Temperature — °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 























\¢ — Collector Current — mA 























0 -10 -20 -30 -40 -50 
Vce — Collector to Emitter Voltage — V 





VCE (sat) — Collector Saturation Voltage — V 


NEG tcectron sevice 


COLLECTOR CURRENT vs. 
BASE TOEMITTER VOLTAGE 















































I¢ — Collector Current — mA 












































“02 -03 -04 -05 -06 -07 -08 -09 -1.0 
Vee — Base to Emitter Voltage — V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 

















VBE (sat) — Base Saturation Voltage — V 
1 
[s) 



































































-0.8 
-0.6 
-0.4 
0.2 haa 
or 
ottr pt 
-0.5 -1.0 -2.0 5.0 -10 ~-20 -50 -100 -200 -500 


Ic — Collector Current — mA 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 





























‘hee — DC Current Gain 























-20 
Ic — Collector Current — mA 


40 

















-60 -100 -200 -500 


NEC trectron vevice 


tg — Delay Time — ns ff — Gain Bandwidth Product — MHz 


tstg — Storage Time — ns 


1000 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 

















500 











200 























50 





















































3.0 10 30 1 


jo) 


10 


le — Emitter Current —mA 


DELAY TIME vs. 
COLLECTOR CURRENT 





Vec=-30V 





Ic/lg=10 























| B00e es a 















































3 


\¢ — Collector Current -—- mA 


STORAGE TIME vs. 
COLLECTOR CURRENT 











Vec=-30V 





'B1=-!B2 








Ic/ip=10 to 20 





N 
fo) 
Oo 











oo 











Q 
ooo 


d 
fo} 



























































-100 


tc — Collector Current — mA 


-200 
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ty — Rise Time — ns 


t, — Fall Time — ns 


NTM2907A,NTM2907AR 


INPUT AND OUTPUT CAPACITANCE vs. 


REVERSE VOLTAGE 


Cob — Output Capacitance — pF 
Cip — Input Capacitance — pF 





f=1.0MHz 





1==0(Cob) 








tc=0[Cip) 

















































































































-0.3 -1.0 -3.0 -10 -30 
Veg — Collector to Base Voltage — V 


-100 





Veg — Emitter to Base Voltage — V 


RISE TIME vs. 
COLLECTOR CURRENT 








IC/Ip=10 

































































~100 ~-200 


\¢ — Collector Current — mA 


FALL TIME vs. 
COLLECTOR CURRENT 








Vec=-30V 





\p1=-!B2 











i 



















































































-100 


tc — Collector Current — mA 


-200 -500 


NEC SILICON TRANSISTORS 
ein NTM3904,NTM3904R 


GENERAL PURPOSE SWITCHING AND AMPLIFIER 


NPN SILICON EPITAXIAL TRANSISTOR 
“MINI MOLD TYPE’ 


DESCRIPTION 


The NTM3904, NTM3904R are designed for general purpose switching and amplifier application, especially Hybrid Integrated 
Circuit. 


PACKAGE DIMENSIONS 


in millimeters (inches) 






FEATURES 
a © Complementary to NTM3906, NTM3906R. 
0.5*378 (0.019), 1.5(0.059) _,°>-2.5 eign weltege.s Micro? 40 NV 
(0.019) ®@ High DC current gain: hee = 100 to 300 (Vcg = 1.0 V, Ic = 10 mA) 
8 ®@ Electrically similar to 2N3904. 
zs) 
3 
e403) 
= &S 
os 
ABSOLUTE MAXIMUM RATINGS 
Marking Maximum Voltages and Current (Ta= 25 °C) 
Collector to Base Voltage (Ree =) Vcso 60 Vv 
239 — Collector to Emitter Voltage (Open Base} Vceo 40 Vv 
+1 —_ 
IS) 38 8 +38 Emitter to Base Voltage VEBo 6.0 Vv 
=s Collector Current (DC) lc 200 mA 
0.1~0.25 S a 
(0.004~ 0.01) Maximum Power Dissipation (Ta=25 ~C) 
NTM3904 NTM3904R Total Power Dissipation Pr 200 mW 
1. Emitte 1. Base H 
y aie f ag alae ie Maximum Temperatures y 
3. Collector 3. Collector Junction Temperature T: 150 Cc 
Marking B25 258 : 


Storage Temperature Range Tstg -55 to +150 °C 
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IND WVIDIUG, NIIVISYUSH NEC Etectron device 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL . a TEST CONDITIONS 





Collector-Base Breakdown Voltage BVcBo fs Ic =10 wA, Ip =0 





Collector-Emitter Breakdown Voltage BVcEO* Ic=1.0 mA, Ip=0 





Emitter-Base Breakdown Voltage BVEBO . le =—-10 vA, Ic =0 





Collector Cutoff Current ag ICEX VceE=30 V, VgeE=-3.0 V 


Emitter Cutoff Current lEBO Vep=3.0 V, lp =0 


VceE=1.0 V, I¢=100 uA 


hFE2* VcE=1.0 V, I¢=1.0 mA 








_— 


DC Current Gain he e3* VcE=1.0 V, I¢=10 mA 





h * VceE =1.0 V, Ic =50 mA 
FE4 CE Cc 





hee5* VceE=1.0 V, I¢=100 mA 





VCE (sat) 1* | . I¢=10 mA, Ig=1.0 mA 


Collector Saturation Voltage 





VCE (sat)2* 0: Ic =50 mA, 1g=5.0 mA 








VBE (sat)1* F F Ic=10 mA, Ip=1.0 mA 
Base Saturation Voltage — +—— 
VBE (sat)2* : Ic =50 mA, Ig=5.0 mA 


Gain Bandwidth Product fr 300 VcE=20 V, Ic =10 mA 











Output Capacitance Cob . Vcgp=5.0 V, Ip =0, f= 100 kHz 




















Input Capacitance Cib ‘ Vep=0.5 V, Ic =0, f= 100 kHz 





*These parameters must be measured by pulse techniques. tw 300 us, duty cycles2 % 
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by CLEUINUNW UcViILG PGE SV Ty te Few 


SWITCHING CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL . 3 , TEST CONDITIONS 
: 
f 





I¢=10 mA, Ig, =1.0 mA 














SWITCHING TIME TEST CIRCUIT 


Veap=—-0.5V Vec=+30V 


INPUT 


Vout 


aT, 
i IN 





tr < 1.0ns 
PW S 300 ns 
Duty cycle=2% 





VOLTAGE WAVEFORMS 
ton SWITCHING 


Veap=1+11 V Vec=+3.0 V 





tr <9.0ns 
PWS 
ie ee bg VOLTAGE WAVEFORMS 


tors SWITCHING 


44 


INE IWIQJUS, INI IVISDIJUSN INNEC™ ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 











































































































































































































TOTAL POWER DISSIPATION COLLECTOR CURRENT vs. 
vs. AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 
400 100 
= 
€ 
I 
s 30 
& 300 z 
2 10 
‘ E 
a 200 ' 3.0 
3 x3) 
Pid 2 
e S 1.0 
§ ° 
— 
£ 2 
x 100 
s 0.3 
| 
aa XN] 
= 0.1 
0 0 0.2 0.4 0.6 0.8 1.0 12 
0 50 100 150 200 Vpe~-Base to Emitter Voltage --V 
Ta—Ambient Temperature ~°C 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
z z 
| 
8 5 
§ S 
8 3 
6 8 
& b 
0 10 20 30 40 50 ; 0 0.4 0.8 1.2 1.6 2.0 
Vce—Collector to Emitter Voltage —V Vce—Collector to Emitter Voltage —V 
DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION 
COLLECTOR CURRENT VOLTAGE vs. COLLECTOR CURRENT 





Ic=10-lB 
















































































hre--DC Current Gain 










































VcE(saty—Collector Saturation Voltage —V 
VpE(sat) Base Saturation Voltage —V 





jo) 
° 
on 





























































































































jo) 
Lo) 
Q@ 


0.1 0.3 1.0 3.0 10 30 100 0.1 0.3 1.0 3.0 10 30 100 


lc—Collector Current — mA Ic—Collector Current — mA 
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NEG Eetectron vevice 


ton —Turn-on Time —ns fr—Gain Bandwidth Product —MHz 


tstg —Storage Time—ns 


— 


8 88s 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 





















































{e—Emitter Current —mA 


TURN-ON TIME vs. COLLECTOR CURRENT 


1000 py 




































































2.0 40 608010 20 40 60 80100 200 


Ic—Collector Current — mA 


STORAGE TIME vs. COLLECTOR CURRENT 
























































1 
2.0 40 608010 20 40 60 80100 200 


tc—Collector Current — mA 
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C.p»—Output Capacitance —pF 


t, —Rise Time—ns Ci»—Input Capacitance —pF 


ty;—Fall Time—ns 





NIWO9JVUSG, INT ivigguesn 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 


f=1.0 MHz 
lE=O(C ob) 
to=O(C in) 




















































































































0.1 0.3 1.0 3.0 10 30 100 


Vcn—Collector to Base Voltage —V 
Var~Emitter: to'Base Voltage —V 


RISE TIME vs. COLLECTOR CURRENT 


































































































1 
2.0 40 60 8010 20 40 60 80100 200 


lc—Collector Current — mA 


FALL TIME vs. COLLECTOR CURRENT 



















































































10 
2.0 40 608010 20 40 60 80100 200 


|c~-Collector Current— mA 


NEC SILICON TRANSISTORS 


ELECTRON DEVICE 


GENERAL PURPOSE SWITCHING AND AMPLIFIER 


PNP SILICON EPITAXIAL TRANSISTOR 
‘MINI MOLD TYPE’ 


DESCRIPTION 


NTM3906,NTM3906R 


The NTM3906, NTM3906R are designed for general purpose switching and amplifier application, especially Hybrid Integrated 


Circuit. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES 

25 +08 

(0.098) © Complementary to NTM3904, NTM3904R. 
0.57975 (0.019), 1.5(0.059)_, 05-375 ® High voltage : Vce9 >-40 V 





® Electrically similar to 2N3906. 


(0.015) (Each Lead) 


ABSOLUTE MAXIMUM RATINGS 


Marking 


Maximum Voltages and Current (Ta= 25 °C) 


Collector to Base Voltage (Rae =~) Vcso 
8 | : Collector to Emitter Voltage (Open Base) VceEo 
a i 3| iS 438 





ce Emitter to Base Voltage VeEBO 


0.1~0.25 


Collector Current (DC) lc 
(0.004~0.01) 


Maximum Power Dissipation (Ta=25 °C) 


NEMS906- NIMSOUSR Total Power Dissipation Pr 
1. Emitter 1. Base . 
2, Base 2. Emitter Maximum Temperatures 
3. Collector 3. Collector J . T T. 
Marking 25 25Y unction Temperature j 
Storage Temperature Range T stg 
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-40 
-40 
-5.0 
- 200 


200 


150 
~55 to +150 


@ High DC current gain : hee = 100 to 300 (Vce =-1.0 V, Ig =-10 mA) 


mA 


mW 





NIWSIVO,NIWOIV0ON 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL 
Collector-Base Breakdown Voltage BVcgo 


Collector-Emitter Breakdown Voltage BVCEO* 


Emitter-Base Breakdown Voltage BVEBO 


Collector Cutoff Current 













reese | 100 
ree | 


Cib 






DC Current Gain 


Collector Saturation Voltage 










Base Saturation Voltage 








Gain Bandwidth Product 
Cc 


Output Capacitance 





Input Capacitance 





~ MAX 





300 


. | UNIT 


BWR wy CLcUrnun ucvic 


TEST CONDITIONS 


Ic=-10 vA, Ip=0 












I¢=-1.0 mA, Ig=0 








le =—-10 WA, Ic =0- 






VceE=—30 V, Vee =3.0 V 


3 





Vep=—3.0 V, Ile =0 


=] 

















Voce =-1.0 V, Ic =—-0.1 mA 


VceE=-1.0 V, lc =-1.0 MA 


Vce=-1.0 V, lc =-10 mA 









VceE=-1.0 V, I¢=-50 mA 










VcE=-1.0 V, I¢=-100 mA 





I¢=—-10 mA, Igp=-1.0 mA 








Ic =-50 mA, Ip=—-5.0 mA 


I¢=-10 mA, Igp=-1.0 mA 


I¢ =-50 mA, Ig=—-5.0 MA 


<: <le{ | 





MHz i¢=-10 MA, Voge =-20 V 
pF Vcop=—5.0 V, Ie =0, f= 100 kHz 
pF Vep=—0.5 V, Ic =0, f=100 kHz 


*These parameters must be measured by pulse techniques. ty < 300 us, duty cycles 2 %. 
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BAG ELECT RUN DEVICE NIVMSIJVUO,NIMSYJUONR 


SWITCHING CHARACTERISTICS (Ta=25 °C) 










Ic =-10 MA, 1p, =—-1.0 mA 


Vcc =-3.0 V, Ic =-10 mA 
1p1 =—!p2=-1.0 mA 





SWITCHING TIME TEST CIRCUIT 


Veap=+0.5V Vec=—3.0V 


INPUT 






Sel tr tee 
0.1 uF your Sees 
fk 
—11.1V 
100 Q 
PW S 300 ns VOLTAGE WAVEFORMS 
tr < 1.0 ns 
Zin =502 ton SWITCHING 


Duty cycle=2 % 


Vas=—11V Vcc=—3.0 V 


INPUT 


Vout 





PWS 300ns - 
tr < 1.0ns 
Duty cycle=2 % 





VOLTAGE WAVEFORMS 


to¢¢ SWITCHING 
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TYPICAL C 


Pr—Maximum Total Power Dissipation —mW 


I¢—Coliector Current — mA 


hee-—DC Current Gain 


WIV, IEE IVIWW VV 


HARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 





























0 50 100 150 200 


Ta—Ambient Temperature — °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





























Vce—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


1000 py ooo 










































































-0.1 —03 —10 —3.0 —10 —30 —100 
lc—Collector Current — mA 


50 


Vcevsaty Collector Saturation Voltage—V 
VBE(sat) Base Saturation Voltage —V 


I¢—Collector Current — mA 


BNW Bas py CLcCU Inu UCVIUC 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 














l¢—Collector Current — mA 




















“0 -02 —04 0.6 08 —1.0 1.2 
Vpe~Base to Emitter Voltage—V 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


\\ 
=\5\ \ | 
By 








i 








nae 
5 
ze 





| 
nN 











Vce—Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 


—3.0 



















































































lc —Collector Current —mA 


Vasey CLOUINUW UCVILE 


GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 














88 


























f¢—Gain Bandwidth Product —MHz 












































3.0 100 
le-Emitter Current —mA 


TURN-ON TIME vs. 
COLLECTOR CURRENT 







































































2 

B 

£ 

— 

c 

3 

foe 

5 

ke 

} 

~20 ~-40-—60-—80-10 —20 —40 —60—80—100—200 
lc—Collector Current — mA 
STORAGE TIME vs. 
COLLECTOR CURRENT 
0 EE 

2 

> 

£ 

i 

ov 

oo 

£ 

2 

: 









































—40—-60—80— 100—200 


—40-60—-80—-10 —20 
lc—Coltector Current — mA 


—20 
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C.»—Output Capacitance — pF 
Cip—Input Capacitance —pF 


tr—Rise Time —ns 


tr--Foll Time—ns 





NIM3906,NTM3906R 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 


f =1.0 MHz 
le=0(C op) 
Ic=O(Cin) 































































































—3.0 —10 —30 
Vcp—Collector to Base Voltage—V 
Ves—Emitter to Base Voltage —V 


RISE TIME vs. 
COLLECTOR CURRENT 

































































—40-—6.0-8.0-—10 —20 —40—60-—80—100 —200 
lc—Collector Current — mA 


—20 


FALL TIME vs. 
COLLECTOR CURRENT 










































































—40—60—80-—100 —200 


—40—6.0—80—10 —20 
Ic—Collector Current — mA 


—20 


es 2S A 811 


Audio Frequency High Gain Amplifier 
PNP Silicon Epitaxial Transistor 


PACKAGE DIMENSIONS 


in millimeters (inches) 


@ High DC Current Gain: he_=450 TYP. (Vce=—3.0V, Ic=—0.5mA) 


ABSOLUTE MAXIMUM RATINGS 


= 
a 
£ 
o 
0 
uw 
2 
~o 
°° 
7 
° 


(0.016) 


Maximum Voltages and Current (Ta=25°C) 


Collector to Base Voltage Vcs0 —50 Vv 
Collector to Emitter Voltage VcEO —50 Vv 
Emitter to Base Voltage VeBoO —5.0 Vv 
Collector Current (DC) Ic —50 mA 


Maximum Power Dissipation 
Total Power Dissipation 
at 25°C Ambient Temperature Py 150 mW 
Maximum Temperatures 


1. Emi : 
2. Bee Junction Temperature tj 125 °C 


3. Collector 





Storage Temperature Range Tstg —55 to +125 °C 


ELECTRICAL CHARACTERISTICS (T, = 25°C) 


CHARACTERISTIC SYMBOL : : MAX. TEST CONDITIONS 
Collector Cutoff Current IcBo —0.05 BA Vcp=—50V, te=0 
Emitter Cutoff Current lEBO —0.05 | uA VeR=—5.0V, Ic=0 


DC Current Gain heey VcE=—3.0V, Ic=—0.1mMA 
DC Current Gain heEe2 900 4 Vce=—3.0V, Ic=—0.5mA* 
Vv 

















Collector Saturation Voltage Vv —0.30 Ic=—-30mA, Ig=—3.0mMA 
CE(sat) Cc 8 

Base-Emitter Vol tage VBE za —0.65 Vv VcEe= —3.0V, Ic=—0.5mMA 

Gain Bandwidth Product fr’ VcE=—6.0V, tE=1.0MA 









































Output Capacitance Cob : pF Vop=—10V, 1¢=0, f=1.0MHz 





* Pulsed: PWS 350us, duty cycle 2% 


hFE, Classification 


MARK cs C6 C7 c8 
hFe 135 — 270 200 — 400 300 — 600 450 — 900 
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12SA811 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 











Pr—Total Power Dissipation— mW 





























0 
-20 0 20 40 60 80 100 120 140 160 180 
Ta-- Ambient Temperature—"C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





ic—Collector Current—mA 























4 8 ~12 -16 20 
VcE- Collector to Emitter Voltage—V 


OC CURRENT GAIN vs. 
COLLECTOR CURRENT 

























5 
S 200 
er ell i 
= 50 =55 rt 
Tif gat 
LL 
vol LLM CETTE TET 


-0.01-0.02 -0.05-0.1-0.2 -05-1 -2 -5 -10-20 -50 -100 
lc-Collector Current—mA 


BASE AND COLLECTOR SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


Vcruao ~ Collector Saturation Voltage-V 
Vitteacs —Base Saturation Voltage — V 


tr-Gain Bandwidth Product-MHz 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
10, 






Vers —3.0V 





















































lc—Collector Current—mA 


























i 
0 0.2 0.4 0.6 0.8 -1.0 
Var—Base to Emitter Voitage—V 


1.2 






























































0 
-0.1-0.2 -0.5-1 -2 ~-5 ~10 -20 -50- 100 


Ic—Collector Current—mA 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 





















































0.10.2 0.5 1 2 °5 10 20 50 100 
le—Emitter Current—mA 


He—Normalized h parameters 


NORMALIZED h PARAMETER vs. 
COLLECTOR CURRENT 


P Reteren' Values. 
$F Vce =~ 3.09, lc=-1 oa f=1.0kHz 
hie = 21kKQ, We = 15X 10-4 
[ [we = 450, the = 508 


manu qT TT hoe 
Nite 
neat 


at 





-0.1 0.2 -0.5 -1 -2 -§ -10 
\c—Collector Current—-mA 


2SA811 


NORMALIZED h PARAMETER vs. 
COLLECTOR TO EMITTER VOLTAGE 


He—Normalized h Parameters 





oh F Refere 
og 5.OV, Ie 1 Oma, f= 1 OFM 2 
tf his = 1 1KD Dre = 18 10"8 


te = 450, hee = 50u8 


Vcx-~Collector to Emitter Voltage—V 


2S A812,2SA812R 


Audio Frequency, General Purpose Amplifier 
PNP Silicon Epitaxial Transistor 


PACKAGE DIMENSIONS 


in millimeters (inches) 


2SA812R 
1. Emitter 1. Base 
2. Base 2. Emitter 
3. Collector 3. Coltector 


= 
a 
= 
ra) 
i) 
iv) 
” 
er) 
°° 
aa 
° 





@ Complementary to 2SC1623. 
@ High DC Current Gain: hee=200 TYP. (V¢o_=—6.0V, lp=—1.0MA) 
®@ High Voltage: Veeo=—50V 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Current (Ta=25°C) 





Collector to Base Voltage Vcso 60 Vv 

Collector to Emitter Voltage VcEo —50 Vv 

Emitter to Base Voltage Veso —5.0 Vv 

Collector Current (DC) ic —100 mA 
Maximum Power Dissipation 

Total Power Dissipation 

at 25°C Ambient Temperature Py 150 mW 

Maximum Temperatures 

Junction Temperature Te: 125 °C 

Storage Temperature Range Tstg . -55to+125 °C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC 





SYMBOL 


UNIT TEST CONDITIONS 








Voep=—60V, te=0 





Collector Cutoff Current IcBo 


Emitter Cutoff Current 


{ 


'EBO 


VeR=—5.0V, Ic=0 








DC Current Gain 


NFE 


60 J Vce=—6.0V, Ic=—1.0mA* 





Collector Saturation Voltage al VCE (sat) 


Ic=—100mA, tg=—10mA 





Base-Emitter Voltage 





Gain Bandwidth Product 


VBE —0.55 VcEe=—6.0V, Ic=—1.0mMA 








VcE=—6.0V, Ig=10mA 








Output Capacitance 








* Pulsed: PW S 350us, duty cycle $2% 


hreE Classification 





2SA812 





Vop=—10V, le=0, f=1.0MHz 





2SA812R 








r 
sm 
135 — 270 


500 — 60 





55 


2SA812, 2SA812R 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 




























































AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 
— 200 
ie Eo) ie ee 
Soa 
eq 
= 50-—F + 4 
€ 2 rt ht 
§ — | | | | 
i i LL 
8 < 
g £ -l0b+4+— 
. 3 === 
5 a =n aan 
: § -5.0--477- 
co 8s es Se 
Lod » 
é ~ 1.0 == 
=== 
. +—}+-+4-F 
0 
~20 0 20 40 60 80 100 120 140 160 180 -0.2+-4 
Ta—Ambient Temperature—"C -0.1 . 
~0.4 -0.5 -0.6 -0.7 -0.8 -0.9 -1.0 
Vpe-Base to Emitter Voltage—V 
COLLECTOR CURRENT vs. ; COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 


Ks 





Z 
a 
a 
s 





le-Collector Current—mA 


ic—Collector Current—mA 























ZA 
26 
Za 
—T | 
mm 
a 


0 -0.2 —0.4 -0.6 -0.8 ~1.0 0 —10 ~20 —30 —40 —50 
Vce—Collector to Emitter Voltage—V Vce—Collector to Emitter Voltage—V 


BASE AND COLLECTOR 





SATURATICN VOLTAGE vs. DC CURRENT GAIN vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 
~2.0 1000, 
| IMI | [pos 
1.0 
SSSSssino— ——— waa 






3 200 — 















bre—OC Current 


Vcrisst) ~Cotlecter Saturation Vottage-V 
Vatiser) Base Saturation Voltage—V_ 





10 
-0.1+0.2 -0.5 -1 -2 -5 -10 -20 -50 ~ 100 
\c—Collector Current-mA 


tce—Collector Current—mA 
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OC CURRENT GAIN vs. 
COLLECTOR CURRENT 


hre—DC Current Gain 





10 
~0.1.-0.2  -0.5 1-2 -5 10 - 20 - 50 - 100 
Ic—Collector Current—mA 


NORMALIZED h PARAMETER vs. 
EMITTER CURRENT 





100 ———— 
h~Parameters Referential Vaiues. 
50 6.0V, le=1.0mA, f= 1.0kHz 
hie=5.5kQ, hre= 7.5% 10-* 
te = 208, hee = 28u0 
§ 20 
rf 
§ 10 
é 
e 5 
2 
= 2 
5 
z ‘— 
= Bd oe 
ro hal RL 
0.1 an 
0.10.2 0.5 5 10 20 50 100 


le—Emitter Current—mA 


2SA812, 2SA812R 





GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 











fr—Gain Bandwidth Product —MHz 
S 
= 


a Hh 
2 1 cae a 
Scttiommemati 
ELT LTT 
12 5 10 20 100 


te—Emitter Current—mA 


NORMALIZED h PARAMETER vs. 
COLLECTOR TO EMITTER VOLTAGE 


Winco nov. etry Values, 
be pays ie 1.OkHz 


Ty 
2 See 


atl eel 


He—Normalized h Parameters 





0.5-1-2 -—5-10-20 -—50-100 


Vce—Collector to Emitter Voltage—V 


57 





es 2S A956 


General Purpose Amplifier and Switches 
PNP Silicon Epitaxial Transistor 


®@ Complementary to 2SC2107. 

@ Keeps stabilized operation against power voitage fluctuation: 
Vceo > —40V, Vego >-8.0V 

® High DC Current Gain and excellent linearity: 
hee=160 TYP. (Voe=—1.0V, |p=—10mA) 


PACKAGE DIMENSIONS 


in millimeters (inches) 
2.5'33 


ABSOLUTE MAXIMUM RATINGS 


0.4°8 3. (Each pin) 


(0.016) 


a 
Se 
S 
S 
&R 
a 


Maximum Voltages and Current (Ta = 25°C) 





Collector to Base Voltage (Rg¢ =) Vcso —60 Vv 
Collector to Emitter Voltage (Open Base) Vceo —40 Vv 
Emitter to Base Voltage Vego —8.0 Vv 
Collector Current (DC) Ic —100 mA 
Maximum Power Dissipation 
te Total Power Dissipation 
at 25°C Ambient Temperature Pr 150 mw 
(0.004~ 0.01) : 
4. Eininies Maximum Temperatures 2 
2. Base Junction Temperature Tj 125 Cc 
3. Collector : 
Storage Temperature Range Tstg —S5to+125 C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


— 

ee _| 3 

Fee 

| hfe? | VcEe=—1.0V, Ic=—10mMA 

3 
Base Saturation Voltage VBE (sat) ; 
Gain Bandwidth Product an ee 


See test circuit. 











2SA956 é 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


=e 


























ii 


et 
iq 


l¢—Collector Current —mA 


LT VAAN YA 
FLL 


Ei 


tm 











\—Collector Current—mA 






































-0.6 -0.9 -1.2 
Vur:—Base to Emitter Voltage—V 


COLLECTOR CURRENT vs. A 
COLLECTOR TO sisal VOLTAGE 


\e-Collector Current—mA 





-0.4 -0.6 


Ver~Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 





s«»~Collector Saturation Voltage—V 
»~Base Saturation Voltage—V 


Vers 
Viktsat 








Ee] = 
Ie— ie Current—mA 


-10 -30 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
- 20 


Q 
oO 














aN 
ae 


\ 


\ 
al 
io 


: 





ia 
a 




















0 - 30 
Vcr-Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 





5004 1 at 
Ht ir] 
Si! ee TAO oa 











hre~DC Current Gain 


iii eamatitieswall 
PO madi CHT aut 
LT Cr 
HI au 


SUT UTE TT 


t 03 -0.1-0.3 -1 ~3 -10 -30 ~-100 ~300 
le Collector Current —~mA 




















NORMALIZED h PARAMETER 
vs. EMITTER CURRENT 


10 Aa aa 


roo mi seat 
nil 
Baul Ni 


ya NG 
AN 


Y 


Normalized h Parameters 





0.2 hie 5.0% bre 5.0% 107% 
0.1 

0.3 1 
Iy-Emitter Current-mA 


“TTA 


2SA956 


COLLECTOR TO EMITTER VOLTAGE 


vs. BASE EMITTER RESISTANCE NOISE FIGURE vs. FREQUENCY 
TOM oo ; °C ITM veces ov 
i | CTI) 2= 4 
CCT ee Nia 





OTT 
ai a 





NF —Noise F igure—dB 
w 

















Vcren—Coliector to Emitter Voltage—V 





























































































































































































































0 
100 lk 10k 100k 1M 
Rue—Base Emitter Resistance-Q {—Frequency—Hz 
GAIN BANDWIDTH PRODUCT vs. INPUT AND OUTPUT CAPACITANCE 
EMITTER CURRENT vs. REVERSE VOLTAGE 

~ \ 
: H i 
: a3 
% = 62 Deed 
= i= 
s = 23 .[ TT Hi 
2 Ht tH eae Se me 
| 
be i i 

: iat BA a ord 

0.3 10 100 300 -0.1 -0.3 -1 -3 -10 - 30 — 100 

eee ee mA Ven—Collector to Base Voltage—V 
Ven—Emitter to Base Voltage—V 
SWITCHING TIME TEST CIRCUIT 
Veo =—10V 
1k 
Vout 


Vin 2. 2k 


lus Le Ves =5.0V 


60 


NEC SILICON TRANSISTOR 
ELECTRON DEVICE 2s A1 173 


PNP SILICON EPITAXIAL TRANSISTOR 
POWER MINI MOLD 


DESCRIPTION 
The 2SA1173 is designed for audio frequency preamplifier application, especially in Hybrid Integrated Circuits. 


FEATURES 
PACKAGE DIMENSIONS ®@ World Standard Miniature Package 
in millimeters (inches) : SOT—89 
Seth : @ High Collector to Emitter Voltage 
: VcEO >-140 V 
1.6 MAX. © Complements to NPN type 2SC2780 





> ABSOLUTE MAXIMUM RATINGS (Ta= 25 °C) 
= 8 Maximum Voltages and Currents 
a~ Collector to Base Voltage — Veso —140 Vv 
Collector to Emitter Voltage Vceo -140 Vv 
Emitter to Base Voltage VEBO —5.0 Vv 
Collector Current (DC) Ic —60 mA 
Collector Current (Pulse) * le —100 mA 
ereaiteae Maximum Power Dissipation 
2. Collector Total Power Dissipation 
Scene at 25 °C Ambient Temperature** Py 2.0 Ww 
Maximum Temperatures 
Junction Temperature Tj 150 ee 
Storage Temperature Range Tstg ~55 to +150 °C 


0.8 MIN 
( 
cs 
r-4 

er 

> 

> 

z= 

> 

* 





*PW S10 ms, duty cycle S50 % 
**When mounted on ceramic substrate of 2.5 cm? x0.7 mm 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
CHARACTERISTIC SYMBOL : ; ‘ TEST CONDITIONS 
an 
Collector Cutoff Current - IeBpo Vcp=—140 V, i¢=0 

















Emitter Cutoff Current I VeB=—5.0 V, Ic =0 
EBO 








DC Current Gain heey VcE=-10 V, Io=-1.0mA 
DC Current Gain hFE2 : Vce=-10 V, Io=-10 mA 
Collector Saturation Voltage VCE (sat) I¢=-20 mA, Ip=—2.0mA 











Base Saturation Voltage VBE (sat) Ic=-20 mA, Ig=—-2.0 mA 








Base to Emitter Voltage VcE=—-10 V, Ic=-10 mA 
Gain Bandwidth Product . VcE=—10 V, ip=10 MA 
Output Capacitance : Vcop=-10 V, le=0, f= 1.0 MHz 
































***Pulsed: PW S350 us, duty cycle S 2 % 


hee Classification 


MARKING PM PL PK 
hrE2 90 — 180 135-270, 200 — 400 
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2SA1173 IWIEL & ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 






































TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 
When mounted on ceramic 
substrate of 2.5 cm?X0.7 mm 
q 2.0 
5 e 
5 Mi 
Qo r= 
yn o 
2 = 
7 3 
3 5 
& 3 
s 8 
- ! 
| LL 
te 
a 



























































0 50 100 150 200 250 0 -2 -4 -6 —8 -10 
Ta—Ambient Temperature — °C Vege —Collector to Emitter Voltage —V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


- 100 -— 




































































































































































COLLECTOR CURRENT vs. cs 
COLLECTOR TO EMITTER VOLTAGE 

-20 

E -10 
x | 
E € 

2 5 
5 ra 
jo} 
2 3 
o oO 

3 i 1 
° 2 

© -0.5 

-0.2 

-0.1 

Voce —Collector to Emitter Voltage —V 0.5  -06 —07 -08 -0.9 —1.0 


Vee —Base to Emitter Voltage —V 


DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION | 























































































































































































































COLLECTOR CURRENT VOLTAGE vs. COLLECTOR CURRENT 
1000 
500 ‘a 
7 % 
8 
ra DS 
‘Ss S> 
© 200 oc 
Ss >s 
S ss 
5 100 a8 
5” 
3 35 
oO 
o 
ze °° a3 
x= ao 
tT 
Ss 
20 mu 
oo 
>> 
10 : 
-01-02 -05--1 —2 5 -10 —20  —50 -100 -0.1-02 -05 -1 -2 —5 -10 -20 —50—100 


I¢—Collector Current—mA I¢—Collector Current—mA 
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INEG ELectRON Device 2SA1173 


GAIN BANDWIDTH PRODUCT INPUT AND OUTPUT CAPACITANCE 
vs. EMITTER CURRENT vs. REVERSE VOLTAGE 









































Cree me 
Plime 


iin 


0 
0.1 0.2 0.5 1 2 5 10 20 50 100 i 2 5 10 -20 —-50 --100 


'g —Emitter Current —mA Vcog—Collector to Base Voltage—V 
Veg—Emitter to Base Voltage—V 





— 
REE 
aD). ae 
li 











Cipb —Input Capacitance — pF 
Cob— Output Capacitance — pF 





ft —Gain Bandwidth Product —MHz 
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Re 2SB624,2SB624R 


Audio Frequency Power Amplifier 
PNP Silicon Epitaxial Transistor 


| ® Complimentary to 2SD596, 2SD596R 
PACKAGE DIMENSIONS 












tas grillimmataré nehen) @ High DC Current Gain: hee = 200 TYP. (Veg =—1.0V, Ic = —100mA) 
lo.) 1.5 _,0.5|°848(0.c2) 
: = ABSOLUTE MAXIMUM RATINGS 
8 ; 
cs Maximum Voltages and Current (Ta = 25°C) 
og Collector to Base Voltage VcBo ~30 V 
sf Collector to Emitter Voltage VcEO —25 Vv 
Emitter to Base Voltage VEBo —5.0 Vv 
ie Collector Current (DC) Ic —700 mA 
38 en Maximum Power Dissipation 
ms Total Power Dissipation 
oe, at 25°C Ambient Temperature Py 200 mW 
ee 8 Maximum Temperatures 
~The +e 3 Junction Temperature Tj 150 °c 
oS 01-0. o> Storage Temperature Range Tstg —55to + 150 "C 
£ (0.004~ 0.01) 
288624 2SB624R 
1. Emitter 1. Base 
2. Base 2. Emitter 
3. Collector 3. Collector | 








ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC SYMBOL : TEST CONDITIONS 


Collector Cutoff Current \cBo Vcg=—30V, le=0 


Vepr—5.0V, Ic=0 
heey Vce=—1 OV, ic=—100mA* 











Nee 








Base to Efnitter Voltage VBE 
Gain Bandwidth Product fy 
Output Capacitance 


* Pulsed: PW S 350 us, duty cycle S 2% 





hee, Classification 













2SB624,2SB624R 





TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 


Free air 



































P7—Total Power Dissipation —mW 
lc ~Collector Current —mA 


















































0 25 50 75 100 125 150 0 -2 —4 -6 —8 —10 
Ta—Ambient Temperature —°C Vce—Collector to Emitter Voltage—V 
COLLECTOR CURRENT vs, DC CURRENT GAIN vs. 
BASE TO EMITTER VOLTAGE COLLECTOR CURRENT 





























hre—DC Current Gain 

































































!c—Collector Current—mA 
















































































100 
ic Collector Current —mA 





















































—0.4 -0.5 -0.6 -0.7 -0.8 —0.9 ~1.0 -1.1 BASE AND COLLECTOR SATURATION 
Vse—Base to Emitter Voltage —V VOLTAGE vs. COLLECTOR CURRENT 




















































































































VcEtsau—Collector Saturation Voltage —V 
Veeisa1)—Base Saturation Voltage —V 























lc Collector Current—mA 
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RE 2SB8736,2SB736R 


Audio Frequency Power Amplifier 
PNP Silicon Epitaxial Transistor 


@ i 780R 
PACKAGE DIMENSIONS Complimentary to 2SD780, 2SD78 









in millimeters (inches) @ High DC current gain: hee = 200 TYP. (VcE = —1.0V, Io = —50MA) 
25°88 
38 (0. 02) 
$ ABSOLUTE MAXIMUM RATINGS 
2 a Maximum Voltages and Current (Ta = 25°C) 
2 rT 28 Collector to Base Voltage Vcgo —60 Vv 
iS or Collector to Emitter Voltage VcEo —60 Vv 
Emitter to Base Voltage Veso —5.0 Vv 
aS Collector Current (DC) Ic —300 mA 
ae Mark Maximum Power Dissipation 
. Total Power Dissipation 
no at 25°C Ambient Temperature Py 200 mW 
- g 3. Maximum Temperatures 
ee ae 8 Junction Temperature T; 150 °C 
S ace Storage Temperature Range Tstg —55 to +150 =€ 
2SB736 2SB736R 
1. Emitter 1. Base 








2. Base 2. Emitter 
3. Collector 3. Collector 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC SYMBOL 


Collector Cutoff Current _ | IcBo . 
Emitter Cutoff Current : 
DC Current Gain 
Collector Saturation Voltage 
Base to Emitter Voltage 
Gain Bandwidth Product 


Output Capacitance Vop=—6.0V, Ie =0, f=1.0MHz 
































* Pulsed: PW S 350 us, duty cycle S 2% 


hee, Classification 


110—180 









MARK 






| pws | ews | ews 
| sew | aaw | sew 
135-220 | 170—270 | 200-320 | 250~400 





Nees 
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2SB736,2SB736R 





TYPICAL CHARACTERISTICS (Ta =25°C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 





Free air 








—p 


























te Collector Current —mA 





Pr—Totai Power Dissipation — mw 


















































0 25 50 75 100 125 150 
Ta—Ambient Temperature —‘C Vcr—Collector to Emitter Voltage —V 
COLLECTOR CURRENT vs. DC CURRENT GAIN vs, 
BASE TO EMITTER VOLTAGE COLLECTOR CURRENT 








I 
I 
= 




















hre—DC Current Gain 















































l¢—Collector Current —mA 







































































-10 — 100 = 1000 








te—Collector Current —mA 

















“0.4 -0.5 ~0.6 —0.7 ~0.8 ~0.9 1.0 —1.1 


Vere— Base to Emitter Voltage —V BASE AND COLLECTOR SATURATION 
, VOLTAGE vs. COLLECTOR CURRENT 


~—10 














tc= 10lb 






—5 Ht Pulsed 

-~2 a TT TTT 

- AUN LU TU 
ge i 







aul 
y 














Voktsary Collector Saturation Voltage ~V 
Vaktsay— Base Saturation Voltage —V 








—0.01 
-0.1 





100 1000 
tc —Collector Current —mA 
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NEC : a eee SILICON TRANSISTOR 


ELECTRON DEVICE eg . 2SB798 


PNP SILICON EPITAXIAL TRANSISTOR 
POWER MINI MOLD 


DESCRIPTION 
The 25B798 is designed for audio frequency power amplifier application, especially in Hybrid Integrated Circuits. 


FEATURES 

PACKAGE DIMENSIONS @ World Standard Miniature Package 
in millimeters (inches) : - SOT—89 

4.6 MAX. @ Low Collector Saturation Voltage 


(181) : VcE(sat) <—0.4 V (lc =-1.0 A, lp =-100 mA) 
@ Excellent DC Current Gain Linearity 
: hee = 100 TYP. (VcE =—1.0 V, Ice =—-1.0 A) 


® Complements to NPN type 2SD999 










1.6 MAX. 
( 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 
Maximum Voltages and Currents 


(.167) 
° 


4.25 MAX. 


3 a Collector to Base Voltage VecBo ~30 Vv 
sto Collector to Emitter Voltage VcEo —25 V 
0.44 MAX. Emitter to Base Voltage VeEBO —5.0 Vv 
(418) (.0173) Collector Current (DC) le -1.0 A 
Collector Current (Pulse) * Ic -1.5 A 

_ 1. Emitter F Spiers F 

2. Collector Maximum Power Dissipation 

3. Base Total Power Dissipation 

at 25 °C Ambient Temperature** P+ 2.0 W 
Maximum Temperatures 

Junction Temperature Tj 150 “C 
Storage Temperature Range Tstg -§5 to+150 °C 


*PW S10 ms, duty cycle <50 % ; 
**When mounted on ceramic substrate of 2.5 cm? x0.7 mm 
Vcp=—30 V, le=0 
| 'EBO 


nA Veg=—5.0 V, Io=0 
5 <= 
DC Current Gain hee, - 90 


YP. 
00 VcE=—-1.0V,1I¢=-100mMA —#He 
DC Current Gain 50 00 
0 
36 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
CHARACTERISTIC SYMBOL | MIN. 


Collector Cutoff Current 

















TEST CONDITIONS 












ICBO 








Emitter Cutoff Current 
































Collector Saturation Voltage | VcE(sat) | -0.25 | —-0.40 Vv Ic=-1.0 A, lp=-0.10 A tale 
Base Saturation Voltage VBE (sat) | -10 | -12 Vv I¢=-1.0 A, 1g=-0.10 A —_ 
hee Classification 


Base to Emitter Voltage Vv —600 Vce=-6.0 V, lc =-10 mA 
ig BE ue CE Cc 
110 
MARKING DM DL DK 


Gain Bandwidth Product fT MHz Vce=-6.0 V, Ile=10 MA 
a 
heey 90 — 180 135 — 270 200 — 400 








; 
2 

hFe2 1 VcE=-1.0 V, Ic=-1.0A +ne 
-64 

























+ 


















Vcp=-6.0 V, le =0, f= 1.0 MHz 





Output Capacitance 





**Pulsed: PW S350 us, duty cycle S2 % | 





255/938 NEC ttectron cewae 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 


— 1000 





IS IS OY A CRE ET A RR ASD 
el A LaF Ati ENR OF aa i 

































— 
When mounted on ceramic Voce =7 6.0 V Et Ht fot 
substrate of 2.5 cm?x0.7 mm —500| Pulsed fief ~f | 





fT 




















P+ —Total Power Dissipation —W 











l¢ —Collector Current —mA 









































0 50 100 150 200 250 
Ta—Ambient Temperature — °C 


























1 
-0.4 -0.5 -0.6 -0.7 -08 -09 ~1.0 
Vee —Base to Emitter Voltage —V 
COLLECTOR CURRENT vs. 


COLLECTOR CURRENT vs. c 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR 70 EMITTER VOLTAGE 


















































l¢ —Collector Current —mA 





l¢—Collector Current —mA 





















































Voge —Collector to Emitter Voltage —V 0 —0.4 0.8 ~T2 “16 =2.0 
Vce—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION 
COLLECTOR CURRENT VOLTAGE vs. COLLECTOR CURRENT 


Vop=—1.0 V 
Pulsed 





















































hee —DC Current Gain 
































VBE(sat) Base Saturation Voltage—V 
VcE(sat)—Collector Saturation Voltage —V 























































































































-lm-2m -5m-10m-20m50m-100m-200m-500m-1 -2 -5 "-1m-2m ~5m-10m-20m -50m-100m-200mr500m-1 -2 -5 
l¢—Collector Current—A I¢—Collector Current—A 


- 


69 


NEC ttectron vevice ZdB6/Y& 


GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE vs. 
EMITTER CURRENT COLLECTOR TO BASE VOLTAGE 



















































































ff —Gain Bandwidth Product —MHz 
Cop —Output Capacitance —pF 




































































































































































1 2 5 10 20 50 100 200 500 1000 —0.1-0.2 -0.5 -1 -2 -5 -10 ~20 —-50 —100 
\e —Emitter Current— mA Vcopg—Collector to Base Voltage —V 
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NEC 


ELECTRON DEVICE 





SILICON TRANSISTOR 


2SB799 


PNP SILICON EPITAXIAL TRANSISTOR 
POWER MINI MOLD 


DESCRIPTION 


The 2SB799 is designed for audio frequency power amplifier application, especially in Hybrid Integrated Circuits. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


4.6 MAX. 
(181) 





0.8 MIN 

( i 

oa 
E = 4 






(.167) 4 
; : 


4.25 MAX. 


= ee 


0.44 MAX. 
(.0173) 


1. Emitter 
2. Collector 


3. Base 


a 
= 
> 
3< 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC 


SYMBOL 


FEATURES 
@ World Standard Miniature Package 
: SOT-—89 
@ Low Collector Saturation Voltage 
> Vee (sat) < 70.4 V (lc =—-500 mA, Ig = -50 mA) 
@ Complements to NPN type 2SD1000 


ABSOLUTE MAXIMUM RATINGS (Ta= 25 °C) 
Maximum Voltages and Currents 





Collector to Base Voltage Vcso —60 Vv 

Collector to Emitter Voltage VcEO ~—50 Vv 

Emitter to Base Voltage VeBo —5.0 V 

Collector Current (DC) Ic —0.7 A 

Collector Current (Pulse) * lo —1.0 A 
Maximum Power Dissipation 

Total Power Dissipation 

at 25 °C Ambient Temperature** Py 2.0 Ww 
Maximum Temperatures 

Junction Temperature 7 150 ae 

Storage Temperature Range Tet —55 to +150 °C 


*PW =10 ms, duty cycle S50 % 
**When mounted on ceramic substrate of 2.5 cm? x0.7 mm 


TEST CONDITIONS 





Collector Cutoff Current 


ICBO 


Vop=—-60 V, IE=0 





Emitter Cutoff Current 


'EBO 


Vep=—5.0 V, Ic=0 





DC Current Gain 


hFEW 


Vce=-1.0 V, l¢=-100 mA 





DC Current Gain 


Base Saturation Voltage 


heEQ 





Vce=—-1.0 V, I¢=-500 mA 











2 | Vv I¢=-500 mA, Ig=—-50 mA 





Base to Emitter Voltage 


—700 VcE=—6.0 V, I¢=-10 mA 





Gain Bandwidth Product 


VceE=-6.0 V, le=10 mA 





Output Capacitance 





***Pulsed: PW S350 us, duty cycle S2 % 


hee Classification 


ML 








MK 





MARKING MM 
heey 90 — 180 


135 — 270 


200 — 400 








Vep=-6.0 V, IE =0, f=1.0 MHz 
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2SB799 [WE Ww ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 





























































































































































































TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 
When mounted on ceramic 
substrate of 2.5 cm?x0.7 mm 

= 
l er 
¢ 
3 
g 
2 
: z 
6 l 
3 = 
é g 
a. 5 
3 oO 
e 8 
l 2 
a 8 

| 

Be 

Ta—Ambient Temperature — °C 
-0.4 -0.5 -0.6 -0.7 -08 -09 -1.0 
Vee —Base to Emitter Voitage—V 
COLLECTOR CURRENT vs. SOLE Cor CUR Re se 
go COLLECTOR TO EMITTER VOLTAGE COPLECTOR 70-EMITTER VOLTAGE 
[et : 
,_ AL 
Cc ~ 
® —30H, a 5 
5 = 
iam : 
| aise : 
rs —20 Pn ee | g 
s ++ 2 
ey ini : 
o | | 
i oO 
-10 = a 
0 —4 =8 -12 -16 —20 














Vce —Collector to Emitter Voltage —V 
0 -0.4 0.8 1.2 1.6 -2.0 


Voge —Collector to Emitter Voltage -V 





DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION 
COLLECTOR CURRENT VOLTAGE vs. COLLECTOR CURRENT 


100 ooo 





Vcpe=710V 
Pulsed 


Pos rol 
200 oe 
esc | [I | 
m0 



































































hee —DC Current Gain 
—Base Saturation Voltage —V 
—Collector Saturation Voltage —V 





























































































-0.1 A 
= 
= 
po ~0.05 a 
oe Pet 
Be ooo a amaiMal 
>> : 
-00 SUI LAM TE 
—lm —2m —5m —10m -20m = —50m—100m—200m -500m -1 ~1m—2m —5m~10m—-20m—5Cm--100m = —-500m-1 -2 —5 


\¢—Collector Current—A !¢—Collector Current —A 


72 


(WIL & ELECTRON DEVICE 2SB799 


GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE vs. 
EMITTER CURRENT COLLECTOR TO BASE VOLTAGE 



















































































ff —Gain Bandwidth Product —MHz 
Cop — Output Capacitance —pF 

































































































































































1 
1 2 5 10 20 50 100 200 500 1000 =O.) 0,2 0:5 =1 42 -5 -10 -20 -50 —100 


Ie— Emitter Current —A Vog—Collector to Base Voltage —V 
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NEC 


ELECTRON DEVICE 


SILICON TRANSISTOR 


2SB800 


PNP SILICON EPITAXIAL TRANSISTOR 
POWER MINI MOLD 


DESCRIPTION 


The 2SB800 is designed for audio frequency power amplifier application, especially in Hybrid Integrated Circuits. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


4.6 MAX. 
(181) 






0.8 MIN 
( i 
oa 
E - 4 


(118) 


1.6 MAX. 
(063) 


4.25 MAX. 
(167) 


0.44 MAX. 
(0173) 


1. Emitter 
2. Collector 


3. Base 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL 


CHARACTERISTIC 


| 


FEATURES 
@ World Standard Miniature Package 
: SOT—89 
®@ High Collector to Emitter Voltage 
d VcEO >-80V 
® Complements to NPN type 2SD1001 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 
Maximum Voltages and Currents 


Collector to Base Voltage Vcso —80 Vv 
Collector to Emitter Voltage VceEo —80 Vv 
Emitter to Base Voltage VeEBO —5.0 Vv 
Collector Current (DC) lc —300 mA 
Collector Current (Pulse) * le —500 mA 


Maximum Power Dissipation 
Total Power Dissipation 


at 25 °C Ambient Temperature** P+ 2.0 W 
Maximum Temperatures 

Junction Temperature Tj 150 °c 

Storage Temperature Range Tstg -55 to +150 °C 


*PW S10 ms, duty cycle $50 % 
**When mounted on ceramic substrate of 2.5 cm? x0.7 mm 


TEST CONDITIONS 





Collector Cutoff Current 


'cBO 


Vcp=—80 V, ip=0 





Emitter Cutoff Current 


lEBO 


VeEp=—5.0 V, Ic=0 





DC Current Gain 


hFE4 


VceE=—1.0 V, ic=-50 mA 





DC Current Gain 


HFEQ 


VcE=-2.0 V, I¢=-300 mA 





Collector Saturation Voltage 


VCE (sat) 


Ic =-300 mA, Ip=—-30 MA 





Base Saturation Voltage 


VBE (sat) 


1¢=—-300 mA, Ip=-30 mA 





Base to Emitter Voltage 


VcE=-6.0 V, ic=-10 MA 





Gain Bandwidth Product 


Vce=-6.0 V, lpe=10 mA 





Output Capacitance 








***Pulsed: PW S350 us, duty cycles 2 % 


hee Classification 


FL 





FK 





MARKING FM 
heey 90 — 180 


135 — 270 


200 — 400 





Vcp=-6.0 V, IE=0, f=1.0 MHz 
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eivesuewe NEC etectron oevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 


When mounted on ceramic 
substrate of 2.5 cm?X0.7 mm 








aan Fi 

















Py ~—Totat Power Dissipation —W 





I¢—Collector Current —mA 



































Ta—Ambient Temperature — °C 








































































































































































































































































































ie) -—0.4 -0.8 a1 —1.6 -2.0 
COLLECTOR CURRENT vs, Voge —Collector to Emitter Voltage —V 
BASE TO EMITTER VOLTAGE 
6.0V 
Pulsed DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
1000 
Pulsed 
, s00f 
| Voge = — 2.0 v 
” 200 
av 
5 £ 
‘s) S 100 
5 5 
= 2 50 
3 s -1.0V 
g SC LCHn 
2 20 + 
4 | 
10 
£ = 
5 
2-4 a 
1 
| a =] —10 —100 — 1000 
-04 -05 06 -07 -08 -09 —-1.0 —11 I¢ —Collector Current —mA 
Vee —Base to Emitter Voltage —V 
BASE AND COLLECTOR SATURATION 
GAIN BANDWIOTH PRODUCT vs. 
VOLTAGE vs.COLLECTOR CURRENT EMITTER CURRENT 
1000 a 





ee ———_ Voge =- 6.0 V 
es ee a 





















































10 


























on 











ft —Gain Bandwidth Product —MHz 











VCE (sat) — Collector Saturation Voltage —V 





VBE(sat) — Base Saturation Voltage —V 














































































































. LU tit — 
oot LTT 
a Coe -10 —100 ~ 1000 1 2 5 10 20 50 100 
'¢—Collector Current—mA \¢ —Emitter Current—mA 
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NEC ttectron oevice peg sees 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 





















































Cip—tnput Capacitance — pF 
Cop— Output Capacitance — pF 



















































































“O1-O.2 “05 <=T <2 -5 -10 -20 -50 ~100 


Vcog—Collector to Base Voiltage—V 
Veg—Emitter to Base Voltage—V 


76 


NEC 


‘LECTRON DEVICE 


SILICON TRANSISTOR 


2SB804 


PNP SILICON EPITAXIAL TRANSISTOR 
POWER MINI MOLD 


DESCRIPTION 


The 2SB804 is designed for audio frequency power amplifier application, especially in Hybrid Integrated Circuits. 


PACKAGE DIMENSIONS 
in millimeters (inches) 


4.6 MAX. 
(181) 







1.6 MAX. 


(.063) 


4.25 MAX 
(167 


= 

= 

fee) 

: zoe Co 

0.44 MAX. 
(0173) 

1. Emitter 
2. Collector 
3. Base 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
CHARACTERISTIC SYMBOL 


FEATURES 
@ World Standard Miniature Package 
: SOT-—89 
@ High Collector to Base Voltage 
: Vego >~100 V 
@ Excellent DC Current Gain Linearity 
= hee = 80 TYP. (VcE =-2.0 V, Ic =—500 mA) 
@ Complements to NPN type 2SD1005 


ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 
Maximum Voltages and Currents 





Collector to Base Voltage Vcso —100 Vv 

Collector to Emitter Voltage VcEO ~—80 Vv 

Emitter to Base Voltage VeBO —5.0 Vv 

Collector Current (DC) Ic —1.0 A 

Collector Current (Pulse) * le =1.5 A 
Maximum Power Dissipation 

Total Power Dissipation 

at 25 °C Ambient Temperature** Py 2.0 W 
Maximum Temperatures 

Junction Temperature Tj 150 °C 

Storage Temperature Range ses —55 to +150 °C 


*PW <10 ms, duty cycle S50 % 
**When mounted on ceramic substrate of 2.5 cm’ x0.7 mm 


TEST CONDITIONS 





tf os 


Collector Cutoff Current ICBO 





Vcop=—100 V, Ip=0 





Emitter Cutoff Current lEBO 


VeBg=—5.0 V, Ic=0 





DC Current Gain 


tha’ 
| 


|__FE1 


HEH 


VcE=-2.0 V, I¢=-100 mA 





DC Current Gain hee2 


. VCE (sat) 
VBE (sat) 


Collector Saturation Voltage 


Base Saturation Voltage 


HHH 


80 VCE=-2.0 V, Ic=—-500 mA 
i¢=—500 mA, Igp=—50 mA i 


I¢=—500 mA, ig=—50 mA 





Base to Emitter Voltage 


| VBE 


VcE=—10 V, Ic=-10 mA 





Gain Bandwidth Product fr 


Vce=—5.0 V,le=10 mA 








Output Capacitance Cob 


***Pulsed: PWS 350 us, duty cycle S2 % 








heg Classification 
MARKING AW AV 
het 90 -- 180 135 — 270 


AU 
200 — 400 








Vcep=—-10 V, Ie=0, f= 1.0 MHz 
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2SB804 BN Ay CLcuUlnun ucvuc 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 


















































































































































































































AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 
When mounted on 
ceramic substrate 
= of 2.5 cm’X0.7 mm 
4 
2 
S 
2 < 
& E 
| 
ie ra 
g 6 
a 5 
- o) 
3 5 
- 3) 
| 2 
bt co) 
: . 
2 
Ta-Ambient Temperature —°C 
0 
-0.4 -0:8 —1.2 -1.6 +2,0 
VceE —Collector to Emitter Voltage —V 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 
i 
<x 
E Fs 
L l 
$ 5 
S 8 
8 8 
2 3 
; 7 
2 2 
Qi 8 ER RE, eB ND eh NG iB 20 0 0.2 -04 -0.6 -08 1.0 -12 -14 -1.6 
Voce —Collector to Emitter Voltage —V VBE —Base to Emitter Voltage—V 
DC CURRENT GAIN vs. COLLECTOR SATURATION VOLTAGE ‘vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 
-0.5 





I¢ =10- 
Pulsed 























hee —DC Current Gain 































































































VCE(sat)—Collector Saturation Voltage —V 























10 -20 —50 —100—200 —500— 1000-2000 1 2 5 10 —20 50 —100 —200 -—500 —1000 








I¢ —Collector Current—mA I¢ —Collector Current—mA 
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Vas CLOUINUW UCVILE 


VBE(sat) Base Saturation Voltage —V 


BASE SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 






















































































Of -0.2 0.5 1.0 2:0- “38,0210 20 -50 -100. 





\¢ —Collector Current—mA 


OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 


Cob—Output Capacitance — pF 



































Vcp—Collector to Base Voltage—V 
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ff —Gain Bandwidth Product —MHz 





2SB804 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 

























































































ig —Emitter Current—mA 





NEC 


ELECTRON DEVICE 


SILICON TRANSISTORS 


2SB805,2SB806 


PNP SILICON EPITAXIAL TRANSISTORS 
POWER MINI MOLD 


DESCRIPTION 


The 2SB805 and 2SB806 are designed for audio frequency power amplifier application, especially in Hybrid Integrated Circuits. 


PACKAGE DIMENSIONS 


in miltimeters, (inches) 


4.6 MAX. 
(181) 






1.6 MAX. 
.063) 


(167) 


4.25 MAX. 


z 
==> 
o}m 
0.44 MAX. 
(118) (0173) 
1. Emitter 
2. Collector 
3. Base 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
















+. 





CHARACTERISTIC SYMBOL MIN, 
Collector Cutoff Current ICBO 
Emitter Cutoff Current lEBO 
DC Current Gain heey 45 


FEATURES 

@ World Standard Miniature Package : SOT—89 

@ High Collector to Emitter Voltage : Vceg >- 120 V (2SB806), 
: VcEO >- 100 V (2SB805) 

® Complement to NPN type 2SD1006 and 2SD1007 respectively 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 
Maximum Voltages and Currents 


2SB805 2SB806 

Collector to Base Voltage Vcego  ~—100 — 120 Vv 

Collector to Emitter Voltage VcEO — 100 — 120 Vv 

Emitter to Base Voltage Veso —5.0 Vv 

Collector Current (DC) le -0.7 A 

Collector Current (Pulse) * le —1,2 A 
Maximum Power Dissipation 

Total Power Dissipation 

at 25 °C Ambient Temperature”™* Pry 2.0 W 
Maximum Temperatures 

Junction Temperature T; 150 ne 


Storage Temperature Range -—55 to +150 =C 


*PW <10 ms, duty cycle £50 % 
**When mounted on ceramic substrate of 2.5 cm? x 0.7 mm 


[=100 [na | ven-S0viicro 


VceE =-1.0 V, [lc =—-5.0 mA 





HERE 





DC Current Gain 


Collector Saturation Voitage 






hFE2 
VCE (sat) 
















Voce =-1.0 V, Ic =- 100 MA 
1c =—-500 mA, Ig=—50 mA 








HEH 





Base Saturation Voltage 








VBE (sat) 
VBE 
Gain Bandwidth Product fT 






Base to Emitter Voltage 

























: Ic =-500 mA, Igp=-50 mA “ne 


Vce=-10 V, IE=10 mA 











Output Capacitance Cob 


***Pulsed : PW $350 us, duty cycle <2 % 


hee Classification 






2SB805 
2SB806 


MARKING 








ee a 
ee 





Vcp=—10 V, ig =0, f=1.0 MHz 
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RE 2S C1009,2SC1009R 


FM/AM RF Amplifier, Mixer, Oscillator, Converter 
NPN Silicon Epitaxial Transistor 


® High Gain Bandwidth Product: fy; =250MHz TYP. 
PACKAGE DIMENSIONS : 
aie ; @ Low Output Capacitance: C,,=1.8pF TYP. 
in millimeters (inches) ‘ 
2.5793 @ Low Noise Figure: NF =2.5dB TYP. 


ABSOLUTE MAXIMUM RATINGS 


5 Maximum Voltages and Current (Ta=25°C) 

: Collector to Base Voltage Vcpo 50 V 
Collector to Emitter Voltage Vceo 25 Vv 
Emitter to Base Voltage Vepo 5.0 Vv 
Collector Current (DC) lc 50 mA 


Maximum Power Dissipation 
Total Power Dissipation 





7 + at 25°C Ambient Temperature Pr 150 mw 
o8 ni oe Maximum Temperatures 
> (0.004~0.01) F ° 
2SC1009 6030008 Junction Temperature Tj 125 C 
1, Emitter 1. Base Storage Temperature Range Tstg -55to+125 °C 


2. Base 2. Emitter 
3. Collector 3. Collector 





ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC SYMBOL . : , TEST CONDITIONS 
Collector Cutoff Current IcBO ; Vop=15V, Ie=0 








Emitter Cutoff Current lEBO : Veprs-OV, t=O 

DC Current Gain hFeE VceE=3.0V, Ic=0.5mA* 
Collector Saturation Voltage VCE(sat) F . Ic=10mA, Ig=1.0mA 

Gain Bandwidth Product VcE=6.0V, Ip=—-1.0mA 
Output Capacitance 5 Vcp=6.0V, Ie=0, f=1.0MHz 


| Vce=6.0V, le=—0.5mA 
f=1.0MHz, RG=5002 






































Noise Figure 





* Pulsed: PWS 350us, duty cycleS 2% 


hee Classification 


F3 


2S8C1009R 3F 
60 — 120 90 — 180 135 — 270 











81 


25€19009 2SC1009R 





TYPICAL CHARACTERISTICS (Ta = 25°C) 


hre—DC Current Gain 


Py—Total Power Dissipation— mW 





TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 












































0! 
-20 0 20 40 60 80 100 120 140 160 180 
Ta-Ambient Temperature—°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 

















tc—Collector Current—mA 
































0 4 8 12 16 20 
Vern- Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 








fo) 
S 





ford 
=) 













































































40 
0.050.102 05 1 2 5 10 20 50 
l¢—Collector Current—mA 
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COLLECTOR CURRENT vs, 
BASE TO EMITTER VOLTAGE 














Ie- Collector Current—mA 






































0.2 0.4 0.6 0.8 1.0 
Var—Base to Emitter Voitage—V 


COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 























Veruars Collector Saturation Voitage—V 



























































1 2 5 10 20 50 
le-Coltector Cutrent-mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 





























Cy,—Output Capacitance—pF 






























































0.10.2 0.8 1 2 5 10 20 50 100 
Vcx~Collector to Base Voltag - V 


25C1009,2SC1009R 


NOISE FIGURE vs. 
EMITTER CURRENT GAIN BANDWIDTH PRODUCT MAP, 
100 7 
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NF—Noise Figure- dB 


























Ver-Collector to Emitter Voitage~-V 
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“0.1-0.2 -0.5-1 -2 -5 -10 20 -50 -100 


0.1 -0.2 oe ae ~2 5 10 In~Emitter Current ~mA 


In—-Emitter Current -—mA 


NOISE FIGURE vs. FREQUENCY 
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es 2S C1321 


UHF Amplifier 
NPN Silicon Epitaxial Transistor 


PACKAGE DIMENSIONS 


in millimeters (inches) 


oe 
~~ 
Ss 
S 
R 


0.1~0.25 
(0.004~ 0.01) 


@ Low Noise Figure: NF =5.0dB TYP. (f=900MHz) 
@ High Gain Bandwidth Product: fy = 90OMHz TYP. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Current (Ta= 25°C) 


Collector to Base Voltage VcsBo 30 
Collector to Emitter Voltage VcEo 25 
Emitter to Base Voltage Veso 4.0 
Collector Current (DC) Ic 10 
Maximum Power Dissipation 
Total Power Dissipation 
at 25°C Ambient Temperature Py 100 
as ; Maximum Temperatures 
: Junction Temperature Tj 125 
Storage Temperature Range T stg —55 to +125 


+. Emitter 
2. Base 
3. Collector 





ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC SYMBOL 


Collector Cutoff Current 





<<< 


mA 


mW 


*c 


TEST CONDITIONS 


Vcp=25V, te=0 





Emitter Cutoff Current 


Vep=2.0V, Ic=0 





DC Current Gain 


Vce=6.0V, lc=2.0mA* 





Collector Saturation Voltage 


ic=10mA, Ig=1.0MA 





Gain Bandwidth Product 


Vce=6.0V, ig=—-2.0mMA 





Output Capacitance 


Vcp=6.0V, Ie=0, f=1.0MHz 





Collector to Base Time 
Constant 








Noise Figure 


* Pulsed: PWS 350us, duty cycle S$ 2% 


hee Classification 











Q2 Q3 Q4 Qs 
40 — 80 60 — 120 90 — 180 135 — 270 
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Vce=6.0V, te=—-2.0mA 
f=31.9MHz 





Vce=6.0V, Ie=—-2.0mMA 
Rg=502, f=S0OMHz 


2SC1321 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. ‘ 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 











lc—Collector Current—mA 








P+— Total Power Dissipation—mW 









































0 4 8 12 16 20 
Vce—Collector to Emitter Voltage—V 


Ta~Ambient Temperature—°C 


COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 
10 











lc—Collector Current—mA 
ic—Collector Current-mA 








\ 











LT 1s =0.02mA 
LA tt 


L rece ote] 
LER En i ms 
8 1 1.6 














0 0. 
0.4 0. 2 2.0 0.2 0.4 0.6 0.8 1.0 
Vcr.—Collector to Emitter Voitage—V Vpr—Base to Emitter Voltage—V 
OC CURRENT GAIN vs. COLLECTOR SATURATION VOLTAGE 
COLLECTOR CURRENT vs, COLLECTOR CURRENT 


0.4 


hre—DC Current Gain 





Verisay—Collector Saturation Voitage—V 










































































2 3 5 7 10 
ic—Coltector Current—mA 





Ic—Collector Current—mA 
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2$C1321 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


fr-Gain Bandwidth Product —MHz 





-0.1 -0.2 -0.5 -1 —2 -5 -10 
le-Emitter Current—mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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Vcs—Collector to Base Voitage—V 
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EN 2 SC 1621,2SC1621R 


High Speed Switching 
NPN Silicon Epitaxial Transistor 


PACKAGE DIMENSIONS 


iicrhallinsevetcrlironesl @ High speed switching: to,=12ns TYP., tyg= 7.0ns TYP., to¢s = 18ns TYP. 


® Low collector saturation voltage: Voce (sat) = 0.13V TYP. 


"8 78 (0.02) 


ABSOLUTE MAXIMUM RATINGS 


e 
a 
c 
o 
a 
wa 
2 
=d 
[-T-) 
v 
° 


(0.016) 


Maximum Voltages and Current (Ta=25°C) 


Collector to Base Voltage Vcso 40 Vv 

Collector to Emitter Voltage VcEo 20 Vv 

Emitter to Base Voltage VeBo 5.0 Vv 
Collector Current (DC) lc 200 mA 

Maximum Power Dissipation 
=, Total Power Dissipation 

an ; at 25°C Ambient Temperature Py 150 mW 

saree tn Maximum Temperatures : 

1. Emitter 1. Base Junction Temperature Tj 125 Cc 
2. Base 2. Emitter Storage Temperature Range Tstg -55to+125 °C 


3. Collector 3. Collector 





ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


a weersav. io 
| V__} Ig=10mA, tg=1.0mA 

wi Vee=t0V, == 10a 
| ns | 
[ns 
[ons | 


BA 
Vv 
Vv 





| pF Vep=10V, Ie=0, f= 1.0MHz 


See test circuits. 





Turn off Time 


* Bulsed: PW S 350us , duty cycleS 2% 


hee Classification 
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TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





























0 
-20 0 
Ta—Ambient Temperature—“C 


COLLECTOR CURRENT v 
COLLECTOR TO EMITTER VOLTAGE 














tce—Coltector Current—mA 














Vce—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


veeosvlll | THM | TTT | 
CE aaa 
80 T+ La P XN 

Ti 











tye—OC Current Gain 











%. 10.2 0.5 ‘ 2 
—Collector Current—-mA 


5 10 20 50 100 200 


20 40 60 80 100 120 140 160 180 





1¢—Collector Current—mA 
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Vceisat»—Collector Saturation Voltage—V 
Voetsat) Base Saturation Voltage—V 


Ciy—Input Capacitance—pF 


Cos-Output Capacitance—pF 
n 


2$C1621, 2SC1621R 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


200 





0.4 0.8 1.2 1.6 2.0 


Vcr-Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 














{c—Collector Current—mA 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 












Pa 


ee 
pt a 
2 2S AN SO | SE OR 
Rel ae ee ee eT 
a a a A CS A 


aR A 


Ves— ‘ches e to os Voltage-V 
Ves—Emitter to Base Voltage—V 


Prony ES) AS HE a Ol CNY Mae NE EY FO 





2SC1621, 2SC1621R 





GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 























































































































































































































x 
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Fi 
8 
a 
= 
3 
3 
8 
oO 
5 
Oo 
| 
e—Emitter Current —mA 
DELAY TIME vs. RISE TIME vs. 
BASE CURRENT BASE CURRENT 
Ic =10mA 
T 
un 
—€ 
e E 
= - 
z) vo 
ov a 
[os e 
] 
2 
1 2 3 5 10 20 1 2 3 5 10 
Ini - Turn on Base Current--mA {3:-Turn on Base Current —mA 
STORAGE TIME vs. FALL TIME vs. 
BASE CURRENT BASE CURRENT 
































t,—Storage Time—ns 
ty—Fall Time-ns 











































































































ls: - Turn on Base Current—mA tu1—Turn on Base Current-mA 
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2SC1621. 2SC1621R 





SWITCHING TIME TEST CIRCUITS 


Fig. 1 ton, toff TEST CIRCUIT 
2202 «=«0.1uzF Vout 

© Sampling 

Oscilloscope 





10% 10%, 
Vout 90% Vou 


Ves =+12V 


Van =—3.0V tog 
Vin = —15V 


=+15V 


Fig. 2. tstg’ TEST CIRCUIT 


8909 0.1uF Vout 
Sampling 


Oscilloscope 






1kQ 














Vin 0.1¢F! 5000 902 








0.0023 uF 


10% “A” Wave form 


tstg 


Note: <td, tr, tstg and tf is measured variable Vin, VBB in Fig.1, Fig.2 
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es 2S C1622 


Audio Frequency High Gain Amplifier 
NPN Silicon Epitaxial Transistor 


PACKAGE DIMENSIONS 


in millimeters (inches) 


@ High OC Current Gain: hpe=500 TYP. (Vo_E=3.0V, 1¢=0.5mA) 


ABSOLUTE MAXIMUM RATINGS 


=> 
© 
& 
£ 
oO 
a 
uy 
~~ 
” 
“0 
oo 
ra 
+ 
° 


(0.016) 


Maximum Voltages and Current (Ta=25°C) 


Collector to Base Voltage Vcso 40 Vv 
Collector to Emitter Voltage VcEo 35 Vv 
Emitter to Base Voltage Veso 5.0 Vv 
Collector Current (DC) Ic 100 mA 
Maximum Power Dissipation 
Total Power Dissipation . 
at 25°C Ambient Temperature Py 150 mW 
Maximum Temperatures 
Junction Temperature Tj 125 “C 
niGoverree Storage Temperature Range Tstg -55 to+125 °C 





ELECTRICAL CHARACTERISTICS (Ta = 25°C) 





SYMBOL 
ICBO. 
































0.05 uA Vop=40V, Ie=0 
ee eee 
Vv 
a 
or | 





















150 VcE=3.0V, Ic=0.1mMA 
DC Current Gain hre2 200 
Collector Saturation Voltage VCE(sat) 0.13 0.30 1c=100mA, ig=10mA 
Base-Emitter Voltage 0.55 0.58 0.65 Vce=3.0V, Ic=0.5mMA 











Gain Bandwidth Product 100 | VcE=6.0V, Ie=—1.0mA 
Output Capacitance S20 is == al Vcp=6.0V, IE=0, f=1.0MHz 





“Pulsed: PWS 350us.,, duty cycleS 2% 


hreg Classification 


| mark | os | oor || 
| hee2 | 200-400 | 300-600 | 450-900 
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25C1622 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 
































~—Collector Current--mA 








.Py—Total Power Dissipation—mW 
























































0 0. 

—20 0 20 40 60 80 100 120 140 160 180 0.2 0.3 04 0.5 06 0.7 08 09 1.0 
Ta~Ambient Temperature—"C Vee—Base to Emitter Vol tage—V 

COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
1.0 

< 9.8 

—E 

| < 

< € 

= L 

2 0.6 £ 

3 3 

& 3 

3 8 

9 0.4 = 

2 rs) 

2 

0.2 














0 5 10 15 20 25 


Vce—Collector to Emitter Voltage—V 
Vcx—Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION . DC CURRENT GAIN vs. 
VOLTAGE vs. COLLECTOR CURRENT COLLECTOR CURRENT 















































tee—DC Current G 











Veeisat) Base Saturation Voltage—V 
Vcetsatr—Collector Saturation Voltage—V 


i 
5 
ee ne 001002 0060102 05 1 2 5 1020 50100 
: lc—Collector Current—mA 
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hre—DC Current Gain 


He—Normatized h Parameter 








DC CURRENT GAIN vs, 
COLLECTOR CURRENT 





























































































































0 
0.01002 0.0501 02 05 1 2 5 10 20 50 100 
Ic—Collector Current—mA 


NORMALIZED h PARAMETER vs. 
COLLECTOR CURRENT 


Vee=6.0V. Ic=1.0mA, { 1.0hHe 
he =13kM bee = 15x 10-4 
r he = 38e0 



































‘0.1 0.2 05 #1 2 5 10 


Ic—Collector Current—mA 
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He—Normalized h Parameter 


2SC1622 


NORMALIZED h PARAMETER vs. 
COLLECTOR TO EMITTER VOLTAGE 


Vce=6.0V. Ic=1.0mA, f=2.0kH2 
be =13kQ bre = 151074 
hie = S20 hoe = 38nd 
he( VCE) 
eC Vce=8. 


He= 






































Vce—Coltector to Emitter Voltage—V 





Ee 2SC1623,2SC1623R 


Audio Frequency and 455 kHz IF Amplifier 
NPN Silicon Epitaxial Transistor 


PACKAGE DIMENSIONS 


in millimeters (inches) 


=% 


0.1~0.25 
_ (0.004 ~ 0.01) 
2S8C 1623 28C 1623R 
1. Emitter 1. Base 
2. Base 2. Emitter 
3. Collector 3. Coltector 





@ High DC Current Gain: hee=200 TYP. (Vc_E=6.0V, Ic¢=1.0mA) 
@ High Voltage: Vee Q=50V 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Current (Ta=25°C) 


Collector to Base Voltage Vcso 60 Vv 
Coliector to Emitter Voltage Vceo 50 Vv 
Emitter to Base Voltage VeBO 5.0 Vv 
Collector Current (DC) le 100 mA 


Maximum Power Dissipation 
Total Power Dissipation 


at 25°C Ambient Temperature Py 150 mW 
Maximum Temperatures 

Junction Temperature Tj 125 °C 

Storage Temperature Range Tstg —55to+125 °C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC 


SYMBOL 





— 





Collector Cutoff Current 


ICBO 


TEST CONDITIONS 
uA Vcp=60V, Ie=0 








Emitter Cutoff Current 






fran 





DC Current Gain 


NFE 





Collector Saturation Voltage 


VCE(sat) 





Base Saturation Voltage 






Ven=5.0V. Ins 





Vce=6.0V, Ic=1.0mA* 
Ic=100mA, IB=10mA 
Ic=100mA, Ip=10mA 











Base Emitter Voitage 
Gain Bandwidth Product 


~ Ee 





VceEe=6.0V, Ic=1.0mA 
Vce=6.0V, le=—10mMA 











Output Capacitance 





* Pulsed: PWS 350us,, duty cycle S2% 


hee Classification 


L3 








Vopi=6.0V, 1p=0, f=1.0MHz 





L6 L7? 





28C1623 
MARK 
2S8C1623R 


3L 


6L 





60 — 120 





90 — 180 135 — 270 200 — 400 300 — 600 


Voxteats—Collector Saturation Voltage—V 
VeEveat) Base Saturation Voltage—V 


TYPICAL CHARACTERISTICS (Ta = 25°C). 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE. 








Py—Total Power Dissipation—mW 

















0 
-200 20 40 60 80 100 120 140 160 180 


Ta—Ambient Temperature—"C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


10 








Ic~Collector Current-~mA 
































Vcr —Collector to Emitter Voltage~V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 

































































Ic—Collector Current—mA 


tc—Collector Current—mA 


‘c—Collector Current—mA 


hre—DC Current Gain 








2$5C1623, 2SC1623R 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 

















































































































0.4 0.5 0.6 
Vpae—Base to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 

















0 0.4 0.8 1.2 1.6 2.0 
Vce—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs, 
COLLECTOR CURRENT 





























































































































0 
0.010.02 0.050102 05 1 2 5 10 20 50100 
lc—Collector Current—mA 


25C1623, 25C1623R 





OC CURRENT GAIN vs. NORMALIZED h PARAMETER vs. 
COLLECTOR CURRENT COLLECTOR TO EMITTER VOLTAGE 


|_| h—Parameters Referential Values. 
Ver=6.0V, lc=1.0mA, f= 1kHz 
tye = 6kQ, he = 6.5X 1074 
he = 220, Noe = 20u8 
—___he( Vee) 
He=“hVcr=6V) 


























e “hie 


hy 
—_ 








He—Normalized h Parameter 





hre—DC Current Gain 



















































































0 10 20 30 
Vce—Collector to Emitter Voltage —V 















































0 
0.010.022 0060102 0.51 2 5 10 20 50100 


Ic—Collector Current —mA 


NORMALIZED h PARAMETER vs. 
COLLECTOR CURRENT 
—— : : 
[Tj h—-Parameters’ Referential Values. 
Pt Tt Vce=6.0V, Ic=1.0mA, f= 1kHz 
ETT he = 6.040 hye = 6.5 104 
5 hte = 220, Me= 20n8 
be(le) 
te (1, = 1.0mA) 





He= 











He—Normalized h Parameter 



































lc—Collector Current—mA 
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EEN 2SC 1653, 2SC1654 


Display Tube Drive, High Voltage Switching 
NPN Silicon Epitaxial Transistor 


PACKAGE DIMENSIONS 


in millimeters (inches) 


@ High Voltage Vceo: 2SC1653 130V, 2SC1654 160V 
@ High DC Current Gain: he ¢=130 TYP. (Vo_g=3.0V, Ic=15mA) 


ABSOLUTE MAXIMUM RATINGS 


=> 
‘< 
c-% 
= 
y 
a 
uw 
2 
fot) 
oo 
+1 
~~ 
° 





Maximum Voltages and Current (Ta=25°C) 28C1653 =. 2SC 1654 
Collector to Base Voltage Vcso 150 180 Vv 
Collector to Emitter Voltage VcEo 130 160 Vv 
Emitter to Base Voltage Veso 5.0 Vv 
Collector Current (DC) Ic 50 mA 
Maximum Power Dissipation 
+ i Total Power Dissipation 
at 25°C Ambient Temperature Pry 150 mw 
ETO Maximum Temperatures 
: Junction Temperature Tj 125 °C 
. Collector ° 
Storage Temperature Range Tstg —55to +125 Cc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC SYMBOL 
Collector Cutoff Current tcBo 
Emitter Cutoff Current | leso | 


DC Current Gain 











TEST CONDITIONS 


Vop™130V, Ie=0 


VeBps5.0V, Ic=0 


VceE=3.0V, Io=1.0mA 






























VcE=3.0V, Ic=15mA* 


v 
| pF | Vcp=10V, tE=0, f=1.0MHz 












Collector Saturation Voltage 


Base Saturation Voltage VBE (sat) 
Gain Bandwidth Product 
Output Capacitance za 


* Pulsed: PWS 350us, duty cycle S 2% 



















hee Classification 
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2SC1653, 2S8C1654 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


Pr-Total Power Dissipation— mW 





-200 0 2 40 60 80 100 120 140 160 180 
Ta—Ambient Temperature —°C 






























COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
7 iy 
LEZ 
? fee z 
8 WES : 
iW es TO : 
VAT ; 
AZ Tt | fiesoeal |] s 
Azz ph Enna i 

















eee Saas 
2 4 6 8 


0 10 0 20 40 60 80 100 
Vcr —Collector to Emitter Voltage—V Vcr —Collector to Emitter Voltage—V 
COLLECTOR CURRENT vs. : OC CURRENT GAIN vs. 
BASE TO EMITTER VOLTAGE COLLECTOR CURRENT 





hre—OC Current Gain 











le —Collector Current— mA 


0.102 #05 1 2 5 10 20 50 100 


lc ~Collector Current — mA 








Vue—Base to Emitter Voltage—V 


2$5C1653, 2SC1654 





BASE AND COLLECTOR 
SATURATION VOLTAGE vs. GAIN BANDWIDTH PRODUCT vs. 


COLLECTOR CURRENT EMITTER CURRENT 











lo = 10+lg 
Pulsed 
























































—Base Saturation Voltage -V 
+» —Collector Saturation Voltage—V 





fr —Gain Bandwidth Product — MHz 


















































































































































“0.10.2 05 1 2 5 10 2 50 100 —0.1-0.2 -0.5 -1 -2 ~5 -10 -20 —50 -100 


l¢—Collector Current —mA le -Emitter Current -mA 


INPUT AND OUTPUT 
CAPACITANCE vs. 
REVERSE VOLTAGE 























Cin —tnput Capacitance — pF 
Cob — Output capacitance — pF 





















































1 2 5 10 20 50 100 200 5001000 
Vewx—Emitter to Base Voltage—V 
Vcn—Collector to Base Voltage—V 
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RE 2S C2107 


General Purpose Amplifier and Switches 
NPN Silicon Epitaxial Transistor 
Industrial Use 


PACKAGE DIMENSIONS ® Complementary to 2SA956 
@ Keeps stabilized operation against power voltage fluctuation: 


Vceo > 40V, Vego > 8.0V 
@ High DC Current Gain and excellent linearity: 
hee=150 TYP. (Voe_E=1.0V, Ic=10mA) 


in millimeters (inches) 


ABSOLUTE MAXIMUM RATINGS 


(0.016) 


© 
a 
< 
o 
a 
wi 
” 
=o 
°° 
~ 
° 


Maximum Voltages and Current (Ta=25°C) 


Collector to Base Voltage (Rg¢ =) Vcso 60 Vv 
Collector to Emitter Voltage (Open Base) VcEo 40 Vv 
Emitter to Base Voltage Vego 8.0 Vv 
Collector Current (DC) Ic 100 mA 
Maximum Power Dissipation 
Total Power Dissipation 
at 25°C Ambient Temperature Py 150 mW 
Maximum Temperatures 
i Enis Junction Temperature Tj. 125 Be 
3. Collector Storage Temperature Range Tstg —55 to +125 °c 





ELECTRICAL CHARACTERISTICS (Ta = 25°) 


CHARACTERISTIC SYMBOL | min. | tye. | MAX. UNIT TEST CONDITIONS 


Coltector Cutoff Current | Vcop=40V, Ie=0 


Veg=5.0V, Ic=0 





















Emitter Cutoff Current 


[TarwonTtine ton | 








| A 

Lae 
eet ane 
| | Vice #1.0V, Ig=toma 
are Weest0v, isto] 
| PF 

| ns | 
| ns | 
[os | 











Vcp=10V, !e=0, f=1.0MHz 


See test circuit. 


Turn off Time 





TYP. 
50 
80 160 
| | 800 
aa ae ae 
ee Tae 
| 190 | 
| 20 | 





hee Classification 


hrE2 80 — 130 110-170 | 150-240 | 


100 


2SC2107 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 








iH 


JOT 








uy 





Mm 
































te—Collector Current—mA 

















bad 
SN | 
=— 
rt 


TT Ul 
ag A 


Var—Base to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


\c—Collector Current—mA 


Vce—Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT. 


PT Vec(on :) aa ot 
ie Es 1) 





2) os oe oe 


-——7 
(nen a oe 2s ee 
- 


=z! 
i 
LT tog 
FT ciscHt or eer 
a art] 8 “2408 


Vee sary—Cotlector Saturation Voltage—V 
Varisa~Base Saturation Voltage—V 


Ic—Collector Current—mA 














COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 























le—Collector Current —mA 


























0 10 20 30 40 50 
Ver—Coltector to Emitter Voltage—V 


OC CURRENT GAIN vs. 
COLLECTOR CURRENT 


iz Vce =1.0V 
He IH 


= 
Hit HH 
TT | 
7 22. 

sui Sie Sou = A i 





hex—OC Current Gain 





nee bees a 


NORMALIZED h PARAMETER 
vs. EMITTER CURRENT 


Normalized h Parameters 





oo. 03 -0.1 -0.3 -1 -3 -10 ~—30 
te-Emitter Current—mA 


2S5C2107 


COLLECTOR TO EMITTER VOLTAGE 
vs. BASE EMITTER RESISTANCE NOISE FIGURE vs. FREQUENCY 


can Ver =6.0V 
LUM | TTT) te=0. 1ma 
PT]] Re= loka 


TM TT TT ‘ 

a i 
! 

MT TTT TTT )Perae Jie sea 

PTT TT hi 
imal 


is 














NF~Noise Figu “43: 











Veer—Collector to Emitter Voltage—V 
























































stim 
10 - 100 1k 10k 100k 10 100 \k 10k 100k 
Rag—Base Emitter Resistance-Q t—F requency ~Hz 
GAIN BANOWIOTH PRODUCT vs. INPUT AND OUTPUT CAPACITANCE 
EMITTER CURRENT vs. REVERSE VOLTAGE 


gj Sl 1 a 8 GSR Hr 
Nt | 


Ic =0( Cin) 
TE TTT e=1-onta 


ee ee 
pd ra CE 

















Cis—Input Capacitance—pF 
Cop—Output Capacitance—pF 





fr—Gain Bandwidth Product —MHz 










































































-0.3 -1 -3 -10 —30 ~-100 -300 0. 10 30 
te-Emitter Current-mA Vcp—Collector to Base Voltage—V 
Ves—Emitter to Base Voltage—V 


SWITCHING TIME TEST CIRCUIT 


Veco =10V 
1k 
10V Vout 
Vin 2.2k 
0 ; 
sean 50 2k 
Vers=—5.0V 
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ee 2S C2223 


Hi 


gh Frequency Amplifier 


NPN Silicon Epitaxial Transistor 


PACKAGE DIMENSIONS 
in millimeters (inches) 
25°83 


. Collector 





@ High gain bandwidth product: f+ =600MHz TYP. 
@ Low output capacitance: Cob=1.0pF TYP. 


ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 


Maximum Voltages and Current 


Collector to Base Voltage Vcso 30 Vv 

Collector to Emitter Voltage VcEO 20 Vv 

Emitter to Base Voltage VeEBo 4.0 Vv 

Collector Current (DC) Ic 20 mA 
Maximum Power Dissipation 

Total Power Dissipation Py 150 mW 
Maximum Temperatures 

Junction Temperature Tj 125 °c 

Storage Temperature Range T stg —55 to +125 2G 





ELECTRICAL CHARACTERISTICS (Ta =25°C) 





Collector Cutoff Current 'cBo 
Emitter Cutoff Current lego 
DC Current Gain fRE <4 


Collector Saturation Voltage VCE(sat) 
Base to Emitter Voltage | Vee | 


i VBE 
Gain Bandwidth Product 
Collector to Base Time Constant Co rb'b 


Noise Figure p NF 


hee Classification 


Puan [FR 


CHARACTERISTIC SYMBOL 
f 


















TEST CONDITIONS 
Vcsp™ 30V, }_=0 


|| Vegr4.0V, Ic=0 


Vc_e=6.0V, Ic=1 OmA 


I¢=10mA, Ig=1.0mA 











| ps | VcE=6.0V, te=—1.0mA, f=31.9MHz 


Vc_E=6.0V, 1—p=—1.0MA, RG=502 
f=100MHz See test circuit 
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2$SC2223 


TYPICAL CHARACTERISTICS (Ta =25°C unless otherwise noted) 


TOTAL POWER DISSIPATION COLLECTOR CURRENT vs. 
vs. AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 











ic Collector Current —mA 








Pt —Total Power Dissipation —mW 

















0 
-20 0 20 40 60 80 100 120 140 160 180 


Ta—Ambient Temperature —°C 





Vit — Base to Emitter Voltage —V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE BASE ANO COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 














{Collector Current —mA 
Viitisan — Base Saturation Voltage —V 
Vcktsau —Collector Saturation Voltage —V 


























0 2 4 6 8 10 12 14 #16 18° 20 


.01 
Vcr—Collector to Emitter Voltage —-V 0.1 02 05 1 2 S$ 10 20 50 
k: —Collector Current—mA 





OC CURRENT GAIN vs. 
COLLECTOR CURRENT DC CURRENT GAIN vs. COLLECTOR 
TO EMITTER VOLTAGE 








I iat 
| ‘al 
ai 














hre-DC Current Gain 
hee -DC Current Gain 
































0.1, 02 O50 D2 5 10 20 


Ic —Collector Current—mA 





Vcr —Collector to Emitter Voltage —V 
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GAIN BANDWIOTH PRODUCT vs. 
EMITTER CURRENT 












































fr —Gain Bandwidth Product — MHz 



















































































0.1 —0.2 05-1 2 5 -10 -20 —50—-100 
lx —Emitter Current —mA 


COLLECTOR TO BASE TIME CONSTANT 
vs. EMITTER CURRENT 


f = 31.9MHz 














C...45 Collector to Base Time Constant —ps 




































































=0.1 :=0.3 =1 2 -10 — 30 
Ik -Emitter Current —mA 


2$C2223 


INPUT CAPACITANCE vs. EMITTER TO 
BASE VOLTAGE, OUTPUT CAPACITANCE 
vs. COLLECTOR TO BASE VOLTAGE 




















Cob (le = 








° 
oO 











Con —Output Capacitance — pF 
Ci. —Input Capacitance — pF 





° 
Nn 


















































0.1 


Vcn—Collector to Base Voltage —V 
Ven ~—Emitter to Base Voltage--V 





POWER GAIN, NOISE FIGURE 
vs. EMITTER CURRENT 


Vor =6.0V 
= 100MHz 
Test circuit 





Gpe —Power Gain—dB 










































































—3 
le Emitter Current —mA 


100MHz Gpg, NF TEST CIRCUIT 


INPUT O.01uF 
500 







ApF 
OUTPUT 
5002 


O.0leF bi 


RFC 





+Vee 
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NF —Noise Figure —dB 





ee 2SC2350 


High Frequency Low Noise Amplifier 
NPN Silicon Epitaxial Transistor — 


PACKAGE DIMENSIONS 


in millimeters (inches) 


0.4° 8:3. (Each pin) 


eo 
a 
3 
2 
R 


(0.004~ 0.01) 
1. Emitter 
2. Base 
3. Collector 


Mark U1 





@ Low Noise Figure: NF=2.3 dB TYP. (f=500MHz) 
@ High Maximum Available Gain: MAG = 17dB TYP. (f=500MHz) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Voltages and Current (Ta = 25°C) 


Collector to Base Voltage Vcso 30 Vv 
Collector to Emitter Voltage VceEo 14 Vv 
Emitter to Base Voltage VeBo 3.0 Vv 
Collecter Current (DC) Ic 50 mA 


Maximum Power Dissipation 
Total Power Dissipation 


at 25°C Ambient Temperature Py 250 mW 
Maximum Temperatures 
Junction Teraperature Tj 150 “C 
Storage Temperature Range Tstg —55 to +150 "¢ 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 







Emitter Cutoff Current | eso | 


DC Current Gain 
Gain Bandwidth Product 


CHARACTERISTIC SYMBOL MIN. 
Collector Cutoff Current IcBo 













UNIT 


TEST CONDITIONS 


Vcg = 15V, ig =0 


aes 





uA 
uA Veg =2.0V, Ic =0 


Vce =10V, tc =10mMA 
VcE=10V, Ip =10mA 





insertion Power Gain 









Noise Figure 


Maximum Available Gain 


fT 
Cob 







Vg =10V, Ie =0, f = 1.0MHz 





VE =10V, Ic =10mA, f =500MHz 
VcE =10V, Ic =3mA, f = 500MHz 


Vce =10V, Ic =10mA, f = SOOMHz 
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2SC2350 


TYPICAL CHARACTERISTICS (Ta=25°C) 


hee —DC Current Gain 


fr —Gain Bandwidth Product —~ GHz 


Co» — Output Capacitance —pF 








OC CURRENT GAIN vs. 
COLLECTOR CURRENT 

































































ke —Collector Current —mA 


GAIN BANDWIOTH PROOUCT vs. 
COLLECTOR CURRENT 













































































lc —Collector Current ~mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 




































































0 05 1 2 5 10 20 w 


Vcp —Collector to Base Voltage ~-V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
























































































































































t 
i 
i 
5 
rs) 
5 
8 
6 
re 
1 
a 
Var —Base to Emitter Voltage —V 
INSERTION GAIN vs. 
COLLECTOR CURRENT 
Ver = 10V 
2 + | 
€ z 
3 xd 
e 
2 
x 
< 
i] 
Os 1 2 5 10 20 50 
tc ~Collector Current ~mA 
NOISE FIGURE vs. 
COLLECTOR CURRENT 
B 
1 
£ 
FE) 
ire 
3 
| 
w 
z 
























































0.5 1 2 5 10 20 50 
Ic ~Collector Current —mA 
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NF -—-Noise Figure —6B 


NF, Ga vs. COLLECTOR CURRENT 




































































ic —Coltector Current —mA 


Ga —Associated Gain~ 0B 
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2SC2350 


2S C2351 


High Frequency Low Noise Amplifier 
NPN Silicon Epitaxial Transistor 


PACKAGE DIMENSIONS 


in millimeters (inches) 


2.5233 


(0.098) 


0.5 *8:28K(0.02) 1.5 0.5" 


8:78 (0.02) 


(0.016) 


1-3 
a 
£ 
o 
a 
iv) 
a 
“3 
oo 
+ 

~ 
°o 


+3! 


0.1~0.25 
(0.004~ 0.01) 


. Collector 





CHARACTERISTIC 


SYMBOL 


@ Low Noise Figure: NF=1.5 dB TYP. (f=1.0 GHz} 
@ High Maximum Availabie Gain: MAG=14dB TYP. (f=1.0 GHz) 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Current (Ta = 25°C) 


Collector to Base Voltage 

Collector to Emitter Voltage 

Emitter to Base Voltage 

Collector Current (DC) 
Maximum Power Dissipation 

Total Power Dissipation 

at 25°C Ambient Temperature 

Maximum Temperatures 

Junction Temperature 

Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 





Vcso 25 Vv 
VcEO 12 Vv 
VeEBO 3.0 Vv 
Ic 70 mA 
Py 250 mW 
Tj 150 °C 
Tstg -§5to+150 °C 


TEST CONDITIONS 





Collector Cutoff Current | 


'cBO 


Vcp =15V, Ie =0 





Emitter Cutoff Current 


pa 


lEBO 


Veg =2.0V, Ic =0 





OC Current Gain 





hFE 


VcE =10V, i¢ =20mMA 





Gain Bandwidth Product 


fT 





Vce =10V, I¢ =20mMA 





Output Capacitance 


Cob 


Veg =10V, IE =0, f =1.0MHz 





Insertion Power Gain 


{S21el? 


VCE =10V, Ic =20mA, f = 1.0GHz 





Noise Figure 


NF 


VcE =10V, Ic =5mA, f = 1.0GHz 








Maximum Available Gain 


hee Classification 


MARK R2 


R3 





hee 40-120 100-200 
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VcE =10V, tc =20mA, f = 1.0GHz 


28$C2351 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


bre —DC Current Gain 


fr —Gain Bandwidth Product —GHz 


Co» — Output Capacitance — pF 


OC CURRENT GAIN vs. 
COLLECTOR CURRENT 








& 








8 








8 






































on 


Ic ~ Collector Current —mA 


GAIN BANDWIOTH PRODUCT vs. 
COLLECTOR CURRENT 



































le —Collector Current —mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 




































































te) 05 1 2 5 10 20 «(30 


Vcr —Collector to Base Voltage —V 





COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 














































































































3 
| 
5 
8 
8 
FY 
3 
3° 
| 
Var ~Base to Emitter Voltage —V 
INSERTION GAIN vs. 
COLLECTOR CURRENT 
Ver =10V 
| 
i 
? N 
8 “| 
2 
| 
& 
lc —Collector Current —mA 
NOISE FIGURE 
COLLECTOR CURRENT 
Vcr =10V 
8 
’ 
we 
3 
z 
1 
ia 
2 
























































Ic —Collector Current —mA 
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NF —Noise Figure — 4B 


NF, Ga vs. COLLECTOR CURRENT 










































































1 3 § 7 10 30 
t¢ —Collector Current —mA 


Ga —Associated Gain — 48 
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2SC2351 





NEC 


ELECTRON DEVICE 


SILICON TRANSISTORS 
2$C2756, 2SC2756R 


VHF MIXER 


NPN SILICON EPITAXIAL TRANSISTOR 


PACKAGE DIMENSIONS 


in millimeters (inches) 


25738 
(0.098) 
15 0.57838 












= 
9 
co) 
= 
© 
2 


(0.019) 











s 
is] 
o 
a | 
cay 
= S 
2) wW 
S 8 
s rT 
s+ 
: 3 
“I 
25 
3 Marking 
Nae CY 
36 2 
as -8 
= oF 
om bond 
io : 
“3 0.1~0.25 
-_ (0.004 ~0.01) 
2SC2756 2SC2756R 
1. Emitter 1. Base 
2. Base 2. Emitter 


3. Collector 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


CHARACTERISTIC 


(0.015) 


(0.006) 


3. Collector 


SYMBOL 


DESCRIPTION 


The 2SC2756, 2SC2756R are NPN silicon epitaxial transistor intended for 
use as a VHF mixer in a tuner of a TV receiver. 


The device features are high conversion gain and low distortion. 


FEATURES 
@ Low C,, : 0.4pF TYP. 


@ High conversion gain : 15dB TYP. 


@ Excellent hee linearity. 


ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 


Maximum Voltages and Current 
Collector to Base Voltage 
Collector to Emitter Voltage 
Emitter to Base Vo!tage 
Collector Current 

Maximum Power Dissipation 
Total Power Dissipation 

Maximum Temperatures 
Junction Temperature 
Storage Temperature 


Vcgo 30 Vv 
VcEO 20 V 
VEBO 4.0 Vv 
lc 30 mA 
Py 200 mW 
Tj 150 °C 
Teta -55 to +150 °C 


TEST CONDITIONS 





Collector Cutoff Current ICBO 


Vp =20V, ig =0 





DC Current Gain hee 


Vee =10V, I¢=5.0mA 





Collector Saturation Voltage VCE (sat) 


Ic =10mA, 1B=1.0mMA 





Gain Bandwidth Product fr 


VceE=10V, te =-5.0mMA 





Feed Back Capacitance Cre 








Conversion Gain Gc 





Vep=10V, le =0, f=1.0MHz 
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VceE=10V, IE =-5.0MA 
f = 200MHz, f) 9 = 258MHz 





2SC2756 ,2SC2756R NEC etzectron oevice 


TYPICAL CHARACTERISTICS (Ta= 25°C) 



















































































TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 
300 
2 250 
| < 
< E 
‘2 | 
ae ‘ 
. N 
j=) oO 
a. 2 
& 100 3 
° i 
7 xe) 
i 
a. 50 
0. 25 50 75 100 125 150 ; 
Ta Amblen® Nenwecature"C Voge —Collector to Emitter Voltage—V 
DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION 
COLLECTOR CURRENT VOLTAGE vs. COLLECTOR CURRENT 











hee —DC Current Gain 





























VBE(sat) Base Saturation Voltage —V 
VCE(sat) Collector Saturation. Voltage —V 





























































































































01 02 05 1 2 5 10 20 50 100 1 20 5 10 = 20 50-100 
I¢~Collector Current—mA I¢ —Collector Current—mA 
GAIN BANDWIDTH PRODUCT FEED BACK CAPACITANCE vs. 
vs. EMITTER CURRENT COLLECTOR TO BASE VOLTAGE 
1200 
















































































ft —Gain Bandwidth Product —MHz 
Cre~—Feed Back Capacitance — pF 



































































































































= 2 -5 —-10 —20 —50 —100 “0102 05 1 2 5 10 20 50 100 
le —Emitter Current —mA Veg—Coliector to Base Voltage —V 
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NEC etectron oevice 


2SC2756,2SC2756R 










































































































































































OUTPUT ADMITTANCE vs. REVERSE TRANSFER ADMITTANCE 
COLLECTOR CURRENT vs. COLLECTOR CURRENT 
5 
Vog = 10V © +04 
f = 100MHz 2 aa 
| 
Ho 2 o % 
i 5 
es £& +02 
ae 1 29 
c TOA 
28 53 
EF 82 
£2 05 eS 0 
88 ae 
65 02 %B _o2 
a gg 
8 3 ee 
“2 Ol a 
oo 
wo —0.4 
0.05 
0.5 1 2 5 10 20 50 0.5 1 2 5 10 20 50 
l¢—Collector Current—mA I¢—Collector Current—mA 
FORWARD TRANSFER ADMITTANCE INPUT ADMITTANCE vs. 
vs. COLLECTOR CURRENT COLLECTOR CURRENT 


Vog = 10V 
f= 100MHz 


&t_-—Forward Transfer Conductance— m0 
bre —Forward Transfer Susceptance — mO 




















f = 100MHz 




















8ie —Input Conductance ~ md 
bie — Input Susceptance — mb 



















































































0.5 1 2 5 10 20 50 


l¢—Collector Current—mA I¢—Collector Current—mA 


CONVERSION GAIN TEST CIRCUIT 


OSC 258MHz 


INPUT 
200MHz 


OUTPUT 
58MHz 





ut Ly 0.6mm UEW 5.0 4T 


Lo 0.6mm UEW 45.0 4T 
L3 0.3mm UEW ¢6 11T 


NEC 


ELECTRON DEVICE 


SILICON TRANSISTORS 
2$C2757,2SC2757R 


UHF/VHF OSCILLATOR AND VHF MIXER 
NPN SILICON EPITAXIAL TRANSISTOR 


PACKAGE DIMENSIONS 


in millimeters (inches) 






2.5793 
(0.098) 
(0.019) 
s 
oC 
a 
a 
= 
= 8 
=| = ws 
=) ga 
als afs- 
oO oO +1 c=} 
Hl A 3s 
a ce 
N 
ae 
ge s Marking 
an 
a7 S 
ze Wo 
as + ral 8 
3 8 2s 
ee 0.1~0.25 3 
a (0.004 ~0.01) 
2SC2757 2SC2757R 
1. Emitter 1. Base 
2. Base 2. Emitter 
3. Collector 3. Collector 


ELECTRICAL CHARACTERISTICS (Ta= 25°C) 


DESCRIPTION 

The 2SC2757, 2SC2757R are NPN silicon epitaxial transistor intended for 
use as VHF and UHF oscillators and a VHF mixer in a tuner of a TV 
receiver. 

The device features stable oscillation and small frequency drift against any 
change of the supply voltage and the ambient temperature. 


FEATURES 

@ High gain bandwidth product; fy; = 1100MHz TYP. 

®@ Low collector to base time constant; C,:tpp = 10ps TYP. 
@ Low output capacitance; Cop = 1.5pF MAX. 





ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 
Maximum Voltages and Current 


Collector to Base Voltage VcsBo 30 V 

Collector to Emitter Voltage VcEO 15 V 

Emitter to Base Voltage VEBO 5.0 V 

Collector Current Ic 50 mA 
Maximum Power Dissipation 

Total Power Dissipation P+ 200 mW 
Maximum Temperatures 

Junction Temperature Tj 150 =C 

Storage Temperature Tstg -55to +150 °C 










































CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONDITIONS 
Collector Cutoff Current IcBO 0.1 HA Vcp=12V, ig =0 
DC Current Gain hee 60 100 240 | Vce =10V, ig =5.0mMA 
Collector Saturation Voltage VCE (sat) oe | 95 Vv Ic =10mA, Ip =1.0mMA 
Gain Bandwidth Product fT ;__ 800 1100 MHz VceE=10V, IE =-5.0mA 
Output Capacitance Cob 1.5 pF Vcp=10V, Ie =0, f =1.0MHz 

; Vce =10V, te =-5.0mMA 

Collector to Base Time Constant 10 15 ps f=31.9MHz 
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Z9UZ/9/,Z25CZ/5/7R INEL| ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta= 25°C) 
























































































































































TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 
300 
= 250 
f= 
5 
= 200 < 
3 | 
3 § 
3 150 tS & 
9 _ 
= g 
® 100 3 
¢ 
om iS) 
a 50 = + 
0 25 50 75 100 125 150 
Ta—Ambient Temperature — °C j 
0 0.2 0.4 0.6 08 1.0 12 
Vee —Base to Emitter Voltage —V 
COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT 
< £ 
. S 
5 S 
3 3 pt 
8 8 
3 | 
i i 
74 o£ 
oO 
0.1 02 05 10 20 5.0 10 20 50 

















0 5 10 15 20 i¢—Collector Current— mA 


Voge —Collector to Emitter Voltage—V 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 

















Cob— Output Capacitance — pF 




















0 05 10 20 30 50 
Vcop—Collector to Base Voltage—V 
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N E Cc ELECTRON DEVICE 


2SC2757,2SC2757R 


GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 


























ft — Gain Bandwidth Product —MHz 











—2.0 
































—5.0 —10 —20 


le —Emitter Current—mA 


INPUT ADMITTANCE (Yip) 
vs. FREQUENCY 


Sip —Input Conductance — md 
0 20 40 60 80 100 
Yip = Sip + ibip 
Vcp=10V 























bipb—!nput Susceptance — md 





80 
































— 100 


REVERSE TRANSFER ADMITTANCE (Y,p) 
vs. FREQUENCY 


8-p—Reverse Transfer Conductance —md 
-10 —08 —0.6 —0.4 —0.2 0 


Yep = Erb t idrh 
Vop= 10V 








40 








! 
isa) 
Oo 








I 
es 
° 








brp—Reverse Transfer Susceptance —md 
































| 
he 
° 
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bfp —Forward Transfer Susceptance —m@é 


Dob — Output Susceptance —md 


FORWARD TRANSFER ADMITTANCE (Y¢p) 
vs. FREQUENCY 


Yt = 8th + ibtp 
Vop = 10V 
























































0 
—80 -60 -40 —20 0 +20 
8p —Forward Transfer Conductance —m& 


OUTPUT ADMITTANCE (Yop) 
vs. FREQUENCY 


TP f=1000MHz 












































Bob — Output Conductance —md 


NEC 


ELECTRON DEVICE 


PACKAGE DIMENSIONS 


in millimeters (inches) 


2.5 48:8 


(0,098) 











(0.02) 
= 
a 
eo 
oO 
“-—~ a 
t+ 2s uJ 
a) te 
2} sc $ o 
a|o Fics 
o|¢ eae 
a 8 of 
nn Ln 
“ 
Daa) 
° . Mark 
sa 
nS 
— ~8 
Oo #8 
. +4 
~~ Oo”. 
Cs oi) 
O° 0.1~0,25 o~ 
i= (0.004~ 0.01) 
2SC2758 2SC2758R 
1. Emitter 1. Base 
2. Base 2. Emitter 


3. Collector 3. Collector 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


Collector Cutoff Current 
DC Current Gain 





SILICON TRANSISTORS 


2$C2758,2SC2758R 


RF AMP. FOR UHF TV TUNER 
NPN SILICON TRANSISTOR 


The 2SC2758, 2SC2758R are specifically designed for UHF RF amplifier 
applications. The 2SC2758 and 2SC2758R feature high power gain, low 
noise, and excellent forward AGC characteristics in a tiny plastic package 
designed to realize easy and economical mounting for Hybrid IC. 


@ High power gain. ; 14dB MIN. 
@ Low noise figure. ; 4.5dB TYP. 


@ Forward AGC characteristic. 


@ Easy & economical mounting realizable with plastic mold package for 


Hybrid IC. 


ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 


Collector to Base Voltage 
Collector to Emitter Voltage 
Emitter to Base Voltage 
Collector Current 

Total Power Dissipation 
Junction Temperature 
Storage Temperature 

















Gain Bandwidth Product 





Output Capacitance 


Vceo 30 Vv 
VcEo 25 Vv 
VeBo 4.0 Vv 
Ic 20 mA 
Py 200 mW 
Tj 150 °C 
Tetg -55 to +150 2¢ 


TEST CONDITIONS 
Vop = 25V, le =0 








Voce = 10V, Io =3.0MA 
Vce = 10V, Ip =-3.0mA 
Vcp= 10V, ie =0, f= 1MHz 














Noise Figure 








Power Gain 








AGC Current 
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Vcp = 10V, Ip =-3.0mA, f=900MHz 
Vog = 10V, le =-3.0mA, f= 900MHz 








Ie for which GppbaGc = Gpp - 30dB 


28C2758,25C2758R 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


300 
250 
200 
150 
100 
50 Iw 








PT— Total Power Dissipation - mW 

















0 25 50 75 100 125 150 


Ta—Ambient Temperature—°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 








I; —Collector Current —mA 



































10 15 20 2 


Vcr Collector to Emitter Voltage —V 


5 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


















































C., —Output Capacitance—pF 



















































































0.1 02 05 10 20 50 10 20 50 
Vcp—Collector to Base Voltage—V 


NEC ttectron oevice 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


10.0 Pa 














5.0 














= 
o 

















° 
nn 





ie--Collector Current —mA 









































0.1 
0.5 0.6 0.7 0.8 09 1.0 


Viz —Base to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
an I —— 











here —DC Current Gain 






















































































01 02 0.5 #10 20 5.0 10 20 50 
c~-Collector Current—mA 





GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 























an 
any, 
iP 4 
Lat | 


3 
pe 

















fr—Gain Bandwidth Product —-MHz 













































































100 
—0.1 -0.2 -05 -10-20 -50-10 -20 —50 
le—Emitter Current —mA 
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NEC etectron vevice Z9UZ/DG,Z9UZ/90GH 


TYPICAL CHARACTERISTICS of “Y’’ PARAMETERS 
























































































































INPUT ADMITTANCE (Yjp) FORWARD TRANSFER ADMITTANCE (Yfp) 
vs. FREQUENCY vs. FREQUENCY 

Bip —Input Conductance — mes 90 
F 20 40 60 80 100 80 S 
e 
Yib =Bib + jbin 70 I 
Vcop=10V e 
60 a 
o 
€ ] 
& 50 2 
® 3 
a 40 v7 
a © 
3 30 & 
7 800MHz 0 
in) o 
ie 20 = 
3 ta. 
e 1000MHz ,2 
1 10 | 
6 Ytb = gtb + j s 

Vep= 10V 0 

—10 

70 -60 —50 —40 —30 --20 10 0 10 20 30 
ip — Forward Transfer Conductance —~m& 
REVERSE TRANSFER ADMITTANCE (Yrp) OUTPUT ADMITTANCE (Yop) 
vs. FREQUENCY vs. FREQUENCY 
gp —Reverse Transfer Conductance — md ; 
-10 —05 0 Yob== Bob + jDob 


Ven= 10V 


Yeo =B rb +jd-h 


bos — Output Susceptance — md 












































b,, —Reverse Transfer Susceptance — mt} 
































Zp —Output Conductance —md 


NOISE FIGURE, POWER GAIN 900 MHz Gpb & NF Test Circuit 
vs. COLLECTOR CURRENT 



























































ae 20 3 u 0~ 20pF 
INPUT (502) 400 OUTPUT 

8 (502) 
2 4 @ 19 
| & 
o oO 
fiz 
oS) os 5102 
le 
of 10 3 0 
Pa 10000F Fy 
Ty 8 2 
we 
Srhng 10 

4 O 

—VEE VceE=10V 
20 
; (ig = —3.0mA) 
0 L:25X5x05mm 





0 2 4 6 8 10. «(12 (Cu) 
le ~Collector Current —mA 
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INEL™ ELECTRON DEVICE 


£0VL1900 E420UEZI(900N 








— 
a 
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S21b vs. f 
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NEC 


SILICON TRANSISTORS 


ELECTRON DEVICE 2$C2759,2SC2759R 


UHF/VHF MIXER, UHF OSCILLATOR 
NPN SILICON EPITAXIAL TRANSISTOR 


PACKAGE DIMENSIONS 


in millimeters (inches) 


2.5 53:3 
(0.098) 










Oo 
on 
It 
°° 
~n 
aa 
=~ 
oO 
oOo 
Ds) 
~ 








ce 
a 
B= 
[S) 
= a 
st 8S 
° ‘Sto 
5 alae 
° +O 
4 ° 
oO 
N 
oe 
+1 
onl -8 
Be =he = 
-~ ie) : 
co 70 
3s 0.1~ 0.25 o~ 
£ (0.004~ 0.01) 
2SC2759 2SC2759R 
1. Emitter 1. Base 
2. Base 2. Emitter 
3. Collector 3. Collector 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


CHARACTERISTIC SYMBOL 


The 2SC2759, 2SC2759R are specially designed for use as VHF and UHF 
mixer and UHF oscillators in a tuner of TV receiver. The 2SC2759 and 
2SC2759R feature high conversion gain and low distortion for mixer ap- 
plication, stable oscillation and small frequency drift against any change of 
the supply voltage and ambient temperature for oscillator application. 


@ Low noise. NF : 4.0dB (TYP.) 

@ High conversion gain. Geb : 12.5dB (TYP.) 

@ Easy & economical mounting realizable with plastic mold package for 
Hybrid IC, 


ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 


Collector to Base Voltage VcBo 30 Vv 
Collector to Emitter Voltage VcEO 14 V 
Emitter to Base Voltage Veso 3.0 Vv 
Collector Current lc 50 mA 
Total Power Dissipation P+ 200 mW 
Junction Temperature Tj 150 °C 
Storage Temperature Tstg - 55 to +150 it 6 


TEST CONDITIONS 








Collector Cutoff Current 
DC Current Gain 
Gain Bandwidth Product 








Vcp= 18V, le =0 





Voce = 10V, I¢ =5.0mMA 
Voce =10V, Ip =-5.0mMA 

















Output Capacitance 


Vop=10V, Ig =0, f= 1MHz 








Noise Figure 





Power Gain 


Vop= 10V, IE =-5.0mA, f = S00MHz 
Vcop= 10V, Ie =-5.0mA, f = 900MHz 








Conversion Gain 








far =900MHz, fLoc = 930MHz 
Vop= 10V, Ig =-5.0mA 
Local level = 110mV 
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28C2759,2SC2759R NEC etectron vevice 


TYPICAL CHARACTERISTICS (Ta= 25°C) 

































































TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 
300 
Free Air 
2 250 
| <x 
c — 
2 | 
3 200 5 
[=a Cc 
7 © 
a 5 
S rs) 
s, 150 ES 2 
3 2 
ac s 
a fo} 
6 
# 100 = 
a cS) 
& 50 NO 
0 25. ~-50 75. +100 +125 + ~=—«:150 0 0.2 0.4 0.6 0.8 
Ta— Ambient Temperature—°C VBE — Base to Emitter Voltage—V 
COLLECTOR CURRENT vs. GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR TO EMITTER VOLTAGE EMITTER CURRENT 











I¢— Collector Current —mA 











ft— Gain Bandwidth Product— MHz 


























































































































100 
0 4 8 12 16 20 —1.0 2.0 5.0 10 20 50 
Vce— Collector to Emitter Voltage—V : lE~ Emitter Current— mA 
DC CURRENT GAIN vs. OUTPUT CAPACITANCE vs. 
COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE 
150 
VcE= 10V 
140 
130 
‘a 
¢ 120 | 
S o 
© 110 2 
2 8 
© 100 8 
=] 
oO o 
o 9 mt 
i 2 
L, 80 2 
& °o 
70 i 
60 ? 
50 





















































I¢—Collector Current—mA Vcp—Collector to Base Voltage—V 


123 


IVE G ELECTRON DEVICE 2S5C2Z759,ZSC2Z759R 


TYPICAL SMALL SIGNAL “Y’ PARAMETERS (Common Base) 


INPUT ADMITTANCE (Yjp) FORWARD TRANSFER ADMITTANCE (Yep) 
vs. FREQUENCY vs. FREQUENCY 


Zib— Input Conductance — mG 
20 40 50 60 

















bib— Susceptance— mv 











bfb—Forward Transfer Susceptance—m&6 





—50 
&fb — Forward Transfer Conductance— m6 








OUTPUT ADMITTANCE (Yop) REVERSE TRANSFER ADMITTANCE (Yrpb) 
vs. FREQUENCY vs. FREQUENCY 


&rb— Reverse Transfer Conductance—m@& 
—0.5 —0.4 —0.3 —0.2 -0.1 0 


Sis re 
20mA 

ae = 

iia oe 














bob— Output Susceptance— mz 














i 
° 
brp—Reverse Transfer Susceptance— m2 





0 0.2 0.4 0.6 0.8 1.0 
Zob—Output Conductance— mi 
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Z239UZ/9Y,Z29UZ/909N NEG ELecTRON DEVICE 


CONVERSION GAIN vs. LOCAL OSCILLATOR LEVEL 


RF : 900MHz, 75dBu 
Loca! : 930MHz 
VcE= 10V 


- 











Z 


. 
@ 





Geb— Conversion Gain— dB 








et sie ee Pes ey 
o N 





Local Level—dBuV 





QO0OMHz Gop Test Circuit 


IF OUT 502 


F 1000p oonf 
1000p 








y 
RF IN g LOCAL IN 
50Q 4 502 
y 
Ly y La 
y 
~ 20p ~ 20p 


+B(10v) 


1mm 


Lite a 


|— 19m — 


L3 OT Smmd 
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E C | SILICON TRANSISTOR 


ELECTRON DEVICE 2SC2780 


NPN SILICON EPITAXIAL TRANSISTOR 
POWER MINI MOLD 


DESCRIPTION 
The 2SC2780 is designed for audio frequency preamplifier application, especially in Hybrid Integrated Circuits. 







FEATURES 
PACKAGE DIMENSIONS ®@ World Standard Miniature Package 
in millimeters (inches) : SOT-—89 
4.6 MAX, '  @ High Collector to Emitter Voltage 
(.181) > VeEg > 140 V 
1.6 MAX. 1.6 MAX. @ Complements to PNP type 2SA1173 
(.063) (063) 
ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 
zs Maximum Voltages and Currents 
JS fod Collector to Base Voltage VcsBo 140 Vv 
z = 7 u ~. Collector to Emitter Voltage VcEo 140 Vv 
24.3 — J 6 Emitter to Base Voltage VEBo 5.0 Vv 
pA st site - Collector Current (DC) lc 50 mA 
Cita) (0173) Collector Current (Pulse) * Ic 100 mA 
qos Maximum Power Dissipation 
2. Collector Total Power Dissipation 
sybase at 25 °C Ambient Temperature** Pry 2.0 Ww 
Maximum Temperatures 
Junction Temperature a 150 °C 
Storage Temperature Range Tstg ~55 to +150 °C 


*PW <10 ms, duty cycle S50 % 
**When mounted on ceramic substrate of 2.5 cm? x0.7 mm 


[iver Guat curene | leso f+ | 100 nA Vessoviico 


aa 
aoe ee oe ee 
i aaa 
es 
a 
a 
at 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL 
IcBO 


Collector Cutoff Current 




















Gain Bandwidth Product VcE=10 V, Ip=-10 mA 
Cob Vop=10 V, IE=0, f=1.0 MHz 


***Pulsed: PW 350 us, duty cycle <2 % 












KEE 
REE 























hee Classification 


90 — 180 135 —270 200 — 400 
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Z9ULZ/56U 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


Ic —Collector Current—mA PT —Total Power Dissipation -W 


hfe —DC Current Gain 








TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


When mounted on ceramic 
Substrate of 2.5 cm’X0.7 mm 





















































0 50 100 150 200 250 


Ta~—Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 



































VcE —Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


























VBE(sat) Base Saturation Voltage —V 

































































I¢ —Collector Current—mA 


INE ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 














I¢ —Collector Current—mA 


VCE(sat) —Collector Saturation Voltage —V 


127 






































VCE —Collector to Emitter Voltage —V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 





100 Fp 
Ca a) ee TE | 








50 








nN 
— 


an 
oO 
- 





a 


nN 








I¢ —Collector Current —mA 





0.5 








0.2 




















0.1 
0.5 0.6 0.7 0.8 0.9 1.0 


VBE —Base to Emitter Voltage —V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 







































































I¢—Collector Current—mA 





4aVIuwvaGlIov 


IW tLECTKUN DEVICE 





1000 











500 

















200 





100 

















50 











20 


10 











Vcp—Collector to Base Voltage —V 
Vep—Enmitter to Base Voltage —V 














INPUT AND OUTPUT CAPACITANCE vs. 


REVERSE VOLTAGE 





4d aoueyoedey yndjng— 9°99 
4d—aoueyoedeg ynduj— 5 
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Es 2SD596,2SD596R 


Audio Frequency Power Amplifier 
NPN Silicon Epitaxial Transistor 









@ Complimentary to 2SB624, 2SB624R 


PACKAGE DIMENSIONS @ High DC Current Gain: heg = 200 TYP. (Vog=1.0V, I= 100mA) 


in millimeters (inches) 
2.5°33 





18:38 (0.02) 
ABSOLUTE MAXIMUM RATINGS 







Maximum Voltages and Current (Ta = 25°C) 


0.4 8-35 (Each pin) 











5 T $ Collector to Base Voltage Vcro 30 V 
R © Collector to Emitter Voltage VcEO 25 Vv 
i Emitter to Base Voltage Veso 5.0 Vv 
Collector Current (DC) Ic 700 mA 
aah Maximum Power Dissipation 
Total Power Dissipation 
as at 25°C Ambient Temperature PT 200 mW 
= 3 -8 Maximum Temperatures 
at + 8 Junction Temperature Tj 150 *C 
os — ° 
é (oom-0.01} = Storage Temperature Range Tstg 85 to +150 C 
280596 2SD596R 
“1. Emitter 1. Base 
2. Base 2. Emitter 
3. Collector 3. Collector 










[castor Gut Curent | tego 
[ Emiver uot Gurene | tego | 
PoecurentGan | ey 
| tren 

Vee 


UNIT TEST CONDITIONS 
Vop™30vV, ie=0 


Veg75.0V, 1¢70 


a 
oa 
ee Se 
eal o=700A > 
Ew 

















Vce=1.0V, c= 700mA 


Vv ic=700MA, Ig=70mA  * 


Vce76.0V, te=—10mA 


Vog76.0V, Ie=0, f=10MHz 


[aeseio cmitervoroe | Vee | 
[Gutow apectenee itt 


* Pulsed: PW S 350 us, duty cycle S 2% 
hee, Classification 


aoe [vi | ov [oe | ow 
[eer | a-tao"[ vas-azo | 770-270 | 0-320 | 80-400 
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2SD596,2SD596R 





TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 














P+—Total Power Dissipation —mW 




















0 25 50 75 100 125 150 
Ta—Ambient Temperature —‘C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 





























|. —Cokector Current —mA 






































‘04 0.5 0.6 07 08 09 1 
Var —Base to Emitter Vottage—V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 














le —Collector Current —mA 





























Voce —Collector to Emitter Voltage—V 


OC CURRENT GAIN vs. 
COLLECTOR CURRENT 








*—DC Current Gain 














hr 

















0.10.2 0.5 1 2 5 10 20 50 100200 5001000" 
Ic Collector Current —mA 




















BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 















































Vceisaco Collector Saturation Voltage —V 
Vae(sa1)—Base Saturation Voltage —V 





10 20 50 100200 5001000 
Ic—Collector Current—mA 
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Rn 2SD780,2SD780R 


Audio Frequency Power Amplifier 
NPN Silicon Epitaxial Transistor 


@ Complimentary to 2SB736, 2SB736R 


MENSIONS 
PAGIAGE <OIMENS @ High DC Current Gain: hee = 200 TYP. (Vog = 1.0V, lc=50mA) 


in millimeters (inches) 


°° 
“nN 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Current (Ta = 25°C) 


i‘. 
a 
<= 
o 
& 
us 
a 
~o 
oo 
st 
° 


Collector to Base Voltage Vcso 60 Vv 
Collector to Emitter Voltage VcEO 60 Vv 
Emitter to Base Voltage Veso 5.0 Vv 
Collector Current (DC) Ic 300 mA 


Maximum Power Dissipation 
Total Power Dissipation 


at 25°C Ambient Temperature Py 200 mW 

2! Maximum Temperatures 
+e Junction Temperature Tj 150 ne 
2 Storage Temperature Range T stg —55 to +150 a 


(0.004~ 0.01) 
2SD780R 
1. Emitter 1. Base 
2. Base 2. Emitter 
3. Collector 3. Collector 





ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


SYMBOL 
f 






a 


Ic=300mA, 1g=30mA * 


uA 
Petia! 
teed 
Vog=6.0V, Ic=10mA * 
pee 
[eee 







'cBo 


| CHARACTERISTIC | MIN, | 
| Collector Cutoff Current al 
frveimleter Gourety Ciena [ “eae i 

DC Current Gain ee ee 
Fe ee ee 
| Cotectr Saturation Vorowe | Vesta |__| 
[Bato Eminer vonage | Vee |_| 
pein Sendwidin Preduet. ~ = tyr Si] 
Ne a 


* Pulsed: PW S 350 us, duty cycle S 2% 


Vc_e76.0V, | e7—1 OmA 


Vcp™6.0V, ; 1_=0, f=1.0MHz 






heed Classification 


sore [Ow 
[aso7e0R | 1OW | 
ee co 















—s0W—[—<0w | sow 


= 
[ow 
735-270 | Tre-a70 | aoo-azo | aoa 
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2SD780,2SD780R 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 


P-+—Total Power Dissipation —mW 
1c —Collector Current —mA 
























































































Ta—Ambient Temperature —°C Vcr —Collector to Emitter Voltage —V 
COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
BASE TO EMITTER VOLTAGE COLLECTOR CURRENT 
1000 -—>=—————— 
Sy Ve 6.00 

500-44 f—1 Pulsed 

“200 
«< l00E 3 === = | B 3 meas 
(sof pp 5 so Sa 
§ ee a tS 
© 20 | | | | 3 
al Eup g 
8 = -—+—+ ue 
8 5 Pt ~] z 
8 — Ht i mui 
L: <2 a ot LTT TTT TTT TT 
a vi SLALOM LCE TTT | LT 

0.5 ra == 0.10.2. 0.5 1 2 5 10 20 50 100200 5001000 

t = -_ Ic —Collector Current —mA 
0.2 = ime 
0.1 a aaa 
0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 


@ > 


iter Voltage —V BASE AND COLLECTOR SATURATION 
mae fo Emaier Onaue BOLTAGE vs. COLLECTOR CURRENT 


Ver 





yy 
| 
att 





VckGav—Collector Saturation Voltage —V 
VpkGat)—Base Saturation Voltage —V 


0.10.2 0.5 1 2 5 10 20 8 100200 5001000 
lc —Collector Current—mA 
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NEC SILICON TRANSISTOR 


ELECTRON DEVICE 2 S D g 9g 9 


NPN SILICON EPITAXIAL TRANSISTOR 
POWER MINI MOLD 


DESCRIPTION 
The 2SD999 is designed for audio frequency power amplifier application, especially in Hybrid Integrated Circuits. 






FEATURES 
PACKAGE DIMENSIONS @ World Standard Miniature Package 
in millimeters (inches) - SOT—89 
4.6 MAX. ® Low Collector Saturation Voltage 
(181) > Vee (sat) <0.4 V (Io = 1.0 A, Ig = 100 mA) 
1.6 MAX. @ Excellent DC Current Gain Linearity 
“Gee : hee = 140 TYP. (Voce = 1.0 V, Io = 1.0 A) 
® Compiements to PNP type 2SB798 
x 
SE ABSOLUTE MAXIMUM RATINGS (Ta= 25 °C) 
“~ Maximum Voltages and Currents 
g S | *] Collector to Base Voltage VcBo 30 Vv 
2 ae Collector to Emitter Voltage VcEo 25 V 
0.44 MAX. Emitter to Base Voltage VeBo 5.0 Vv 
(118) (0173) Collector Current (DC) le 1.0 A 
4c Rinitear Collector Current (Pulse) * le 1.5 A 
2. Collector Maximum Power Dissipation 
pease Total Power Dissipation 
at 25 °C Ambient Temperature** Pry 2.0 W 
Maximum Temperatures 
Junction Temperature Tj 150 =C 
Storage Temperature Range T stg -55 to +150 °C 


*PW <10 ms, duty cycle S50 % 
**When mounted on ceramic substrate of 2.5 cm? x0.7 mm 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
CHARACTERISTIC | SYMBOL ; ; ; TEST CONDITIONS 





Collector Cutoff Current i IcBo VcB=30 XV, Ie=0 





Emitter Cutoff Current ' lego i VeB=5.0 V, Ic=0 





DC Current Gain heey VcE=1.0 V, I¢=100 mA 
DC Current Gain heEQ | VoOE=1.0V,1¢=1.0A 
Collector Saturation Voltage Ic=1.0 A, |p=0.10A 





Base Saturation Voltage | A : Ic=1.0A, Igp=0.10A 








Base to Emitter Voltage Voce =6.0 V, Ic=10 mA 





Gain Bandwidth Product | VcE=6.0 V, le=-10 mA 























Output Capacitance Vcp=6.0 V, l_e=0, f=1.0 MHz 
***Pulsed: PW 3350 us, duty cycleS2 % 


hee Classification 


MARKING | CM P= 4b CK 
— 
heer | 90-180 | 135—270 200 — 400 
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Z9V99Y9 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


hee —DC Current Gain 


I¢ —Collector Current—mA 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 























2.5 
When mounted on ceramic 
substrate of 2.5 cm?X0.7 mm 

2.0 een oeerene 
i<j 
2 
rs 
a 
g 1s 
fa} 
. 
gv 
3 
fo} 
2 1.0 
8 
° 
i 
i 
a 0.5 



































0 50 100 150 200 250 
Ta—Ambient Temperature — °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 



































Vce —Collector to Emitter Voltage —V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 





Pulsed 































































































Im 2m 5m 10m20m 50m 100m200m500m1 2 5 
\¢—Collector Current—A 


NEG Eetectron pevice 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


(ee=60 SSS 
Pulsed a a 2 
7. rman 












































I¢ —Collector Current —mA 





















































04 05 06 07 O8 O09 1. 
Vee —Base to Emitter Voltage —V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 














l¢ —Collector Current —A 























0 0.4 0.8 1.2 1.6 2.0 
Voge —Collector to Emitter Voltage —V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 











Pulsed 



















































































VBE(sat) Base Saturation Voltage —V 
VCE(sat) —Collector Saturation Voltage —V 
























































m 2m 5m 10m20m 50m100m 200m500m 1 2 
\¢ —Collector Current—A 
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NEC ttectron vevice ZSvD999 


GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE vs. 
EMITTER CURRENT COLLECTOR TO BASE VOLTAGE 



























200 











8 
| 








tA 
































3 





ft —Gain Bandwidth Product —MHz 
Cop — Output Capacitance — pF 





np 
So 
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Oo 





-1 -2 -5 -10 -20 ~50 -100 -260 ~-500 ~-1000 0.1 0.2 05 1 2 5 10 20 50 100 
\g¢ Emitter Current —mA Vog—Collector to Base Voltage—V 
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NEC 


ELECTRON DEVICE 


DESCRIPTION 


SILICON TRANSISTOR 


2$SD1000 


NPN SILICON EPITAXIAL TRANSISTOR 
POWER MINI MOLD 


The 2SD1000 is designed for audio frequency power amplifier application, especially in Hybrid Integrated Circuits. 


PACKAGE DIMENSIONS 
in millimeters (inches) 


4.6 MAX. 
(181) 


1.6 MAX. 


(.063) 








(063) 


4.25 MAX. 


Zz 
7. 
ete 
(-059) 3.9 0.44 MAX. 
(118) (.0173) 
1. Emitter 
2. Collector 
3. Base 


(.167) 


1.6 MAX. 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 














Base to Emitter Voltage VBE 
Gain Bandwidth Product fr 
Output Capacitance Cob 


***Pulsed: PWS350 us, duty cycleS2 % 


hee Classification 


CHARACTERISTIC SYMBOL MIN. 
Collector Cutoff Current IcBo 


[Bee uration Varese | Veta) | 








9 
5 
600 





LK 





MARKING LM LL 
heey 90 — 180 135 — 270 


200 — 400 


’ FEATURES 


@ World Standard Miniature Package 


: SOT —89 © 


@ Low Collector Saturation Voltage 
: VcE(sat) < 0.4 Vv (Ic = 500 mA, Ig =50 mA) 
@ Complements to PNP type 2SB799 


ABSOLUTE MAXIMUM RATINGS (Ta= 25 °C) 
Maximum Voltages and Currents 


Collector to Base Voltage VcBo 60 Vv 

Collector to Emitter Voltage VcEO 50 Vv 

Emitter to Base Voltage VeEBO 5.0 Vv 

Collector Current (DC) lc 0.7 A 

Collector Current (Pulse) * le 1.0 A 
Maximum Power Dissipation 

Total Power Dissipation 

at 25 °C Ambient Temperature** Pry 2.0 Ww 
Maximum Temperatures 

Junction Temperature Tj 150 °C 


Storage Temperature Range 
*PW <10 ms, duty cycle S50 % 


T stg 


**When mounted on ceramic substrate of 2.5 cm? x0.7 mm 





UNIT 





TEST CONDITIONS 





Vop=60 V, IE=0 








Vep=5.0 V, Ic=0 








-55 to +150 °C 










110 


VcE=1.0 V, Ic=100 mA be 
VcE=1.0 V, Ic =500 mA ‘ei 


Ic =500 mA, Ip=50 mA bythe 
I¢=500 mA, 1g=50 mA eee 









MAX. 
1.2 
700 
VcE=6.0 V, IE=-10 mA 








TYP. 
nA 
nA 
200 
| 09 | v 
MHz 
13 pF 











Vcp=6.0 V, IE =0, f=1.0 MHz 
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2SD1000 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


PT —Total Power Dissipation —W 


I¢ —Collector Current —mA 


hee —DC Current Gain 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


When mounted on ceramic 
Substrate of 2.5 cm’X0.7 mm 
























































0 50 100 150 200 250 


Ta—Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 












































0 4 8 12 16 20 
Voce —Collector to Emitter Voltage —V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 























































































































lm 2m 5m 10m 20m 50m 100m 200m 500m 
l¢ —Collector Current—A 


VBE(sat)—Base Saturation Voltage —V 


\¢ — Collector Current —mA 


)—Collector Saturation Voltage —V 


137 


N: E C ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 








Voce =6.0 V 
Pulsed 





















































I¢ —Collector Current —mA 



























































1 
0.4 0.5 0.6 0.7 0.8 0.9 1.0 
VBE —Base to Emitter Voltage —V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


















































VcE —Collector to Emitter Voltage —V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 




































































































































































“Im 2m 5m 10m 20m 50m 100m200m 500m 1 2 «5 10 


i¢ —Collector Current—A 


INEG ELECTRON DEVICE 


ft —Gain Bandwidth Product —-MHz 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 





CE = Tl 


-10 -20 ~50 °-100 -200 -500 —1000 




















oe 4 =§ 


ie ~ Emitter Current—mA 


138 


Cob — Output Capacitance — pF 





2SD1000 


OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 


f=1.0 MHz 
lg =0 























1 
31 


0 


10 20 50-100 
VcBp—Collector to Base Voltage —V 


NEC SILICON TRANSISTOR 
ELECTRON DEVICE 2SD1001 


NPN SILICON EPITAXIAL TRANSISTOR 
POWER MINI MOLD 


DESCRIPTION 
The 2SD1001 is designed for audio frequency power amplifier application, especially in Hybrid Integrated Circuits. 






FEATURES 
PACKAGE DIMENSIONS ® World Standard Miniature Package 
in millimeters (inches) : SOT—89 
4.6 MAX. ® High Collector to Emitter Voltage 
se) : Vee > 80 V 
1.6 MAX. © Complements to PNP type 2SB800 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 





2c Maximum Voltages and Currents 
R= Collector to Base Voltage Vcso 80 V 
ae 7 yl = Collector to Emitter Voltage VcEO 80 v 
s8-— 7 Emitter to Base Voltage VeBO 5.0 Vv 
0.44 MAX. Collector Current (DC) le 300 mA 
(118) (0173) Collector Current (Pulse) * le 500 mA 
1. Emitter Maximum Power Dissipation 
oo sienna Total Power Dissipation 
at 25 °C Ambient Temperature** Pry 2.0 Ww 
Maximum Temperatures 
Junction Temperature Tj 150 BS 6 
Storage Temperature Range T stg -55 to +150 °C 


*PW S10 ms, duty cycle S50 % 
**When mounted on ceramic substrate of 2.5 cm? x0.7 mm 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
CHARACTERISTIC SYMBOL : TEST CONDITIONS 


Collector Cutoff Current ICBO Vcp=80 V, le=0 


Emitter Cutoff Current leBo VeEg=5.0 V, lc=0 














DC Current Gain hrey VceE=1.0 V, I¢=50 MA 
DC Current Gain VcE=2.0 V, lc=300 mA 











Collector Saturation Voltage VCE (sat) é A I¢=300 mA, !gp=30mA 





Base Saturation Voltage VBE(sat) F B 1¢=300 mA, Ig=30 mA 
et 


Base to Emitter Voltage VBE Vce=6.0 V, Ic=10MA 
Gain Bandwidth Product Vce=6.0 V, IlE=-10 mA 


Output Capacitance Cob 


***Pulsed: PW S350 us, duty cycle <2 % 























hee Classification 


90 — 180 135 — 270 200 — 400 
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2SD1001 NEC ctectron vevice 


—= = 


TYPICAL CHARACTERISTICS (Ta=25 °C) 






































































































































































































































































































































TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 
When mounted on ceramic 
Substrate of 2.5 cm’X0.7 mm 
3.0 
7 Pde ie We he eal 
Bes 
2 
2 2.0 : esl 5.0 4.5 
oO a, 
3 bed 1 
é eae ee 3 UZs 
: : | ee 
S 8 pe — 
F 3 — 1 
| 1.0 rs) Bb 
ie N\ ] ZA | 
is 2 ge 
N CA Nate 
al 
0 25 50 75 100 125 = 150175 || 
Ta—Ambient Temperature —°C 0 0.4 08 12 6 2.0 
COLLECTOR CURRENT vs. VcE—Collector to Emitter Voltage—V 
BASE TO EMITTER VOLTAGE 
DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
< i 
J az c 
8 = 3 
a 3 
2 are s) 
i, la 7 
ae ae : 
x= 
— 
ia ane ee 
es a 
— 
A 0.10.2 05 1 2 5 10 20 50 100 200 500 1000 
. lc —Collector Current—mA 
VBE —Base to Emitter Voltage —V 
BASE AND COLLECTOR SATURATION VOLTAGE GAIN BANDWIDTH PRODUCT vs. 
vs. COLLECTOR CURRENT EMITTER CURRENT 
7 5 
> 2 UT [| 
tery N 
bs ott Ui z 
ag Oo 
fC y 
> S 1 sae sss 3 as con ove ae ae 
« 8 ° }———} fF t+ J 
£2 05 a ee ee 
ss 2 ee PE a AT 
a” s Ate Se 
“aL 0.2 3 ain Ba OL, 
i= 
3 = a 
ao 0.1 =a Lj} | 
Le 3 ——+— 
SR 9.05 ° 22 HE ARE BE 
AA” Gi aes 
ty £ pT 
0.02 beeelbel 
0.01 
0.10.2 #05 1 2 5 10 20 50 100 200 500 1000 
I¢ —Collector Current—mA IE —Emitter Current—mA 
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NEC tectron oevice 2SD1001 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 












































Cib —Input Capacitance —pF 
Cob— Output Capacitance — pF 
















































































O.1. 0.2 0.5 2 § 10 20 50 =—100 


Vcp-Collector to Base Voltage —V 
VeB—Emitter to Base Voltage —V 





141 


\ 


NEC 


ELECTRON DEVICE 


SILICON TRANSISTOR 


2SD1005 


NPN SILICON EPITAXIAL TRANSISTOR 


DESCRIPTION 


POWER MINI MOLD 


The 2SD1005 is designed for audio frequency power amplifier application, especially in Hybrid Integrated Circuits. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


4.6 MAX. 
(181) 






0.8 MIN 
se 
Ee 
f- 


1. Emitter 


4.25 MAX. 


0.44 MAX. 
(.0173) 


2. Collector 
3. Base 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC 


SYMBOL 


1.6 MAX. 
(.063 


(.167) 


FEATURES 
@ World Standard Miniature Package 
: SOT—89 
@ High Collector to Base Voltage 
‘ Vego> 100 V 
@ Excetlent DC Current Gain Linearity 
: Nee = 80 TYP. (VcE =2.0 V, lc = 500 mA) 
® Complements to PNP type 2SB804 


ABSOLUTE MAXIMUM RATINGS (Ta= 25 °C) 
Maximum Voltages and Currents 


Collector to Base Voltage VcsBo 100 Vv 

Collector to Emitter Voltage VcEO 80 Vv 

Emitter to Base Voltage VeEBO 5.0 Vv 

Collector Current (DC) Ic 1.0 A 

Collector Current (Pulse) * lc 1.5 A 
Maximum Power Dissipation 

Total Power Dissipation 

at 25 °C Ambient Temperature** Pry 2.0 Ww 
Maximum Temperatures 

Junction Temperature Tj 150 ue 

Storage Temperature Range Tstg -55 to +150 °C 


*PW S10 ms, duty cycle $50 % 
**When mounted on ceramic substrate of 2.5 cm? x0.7 mm 


TEST CONDITIONS 





Collector Cutoff Current 


'cBO 


Vcop=100 V, Ie=0 





Emitter Cutoff Current 


'EBO 


Vep=5.0 V, lo=0 





DC Current Gain 


NFE1 





VcEe=2.0 V, I¢=100 mA 





DC Current Gain 


hFE2 


VcE=2.0 V, Ic =500 mA 





Collector Saturation Voltage 


VCE (sat) 





Ic =500 mA, 1p=50 mA 





Base Saturation Voltage 


+ 


VBE (sat) 


I¢=500 mA, 1g3=50 mA 





Base to Emitter Voltage 


VBE 


VcE=10 V, Ic=10 mA 





Gain Bandwidth Product 


fT 


VoE=5.0 V, Ie=-10 MA 





Output Capacitance 








Cob 


***Pulsed: PW S350 us, duty cycle<2 % 


hee Classification 
MARKING BW 


BV 








nEE1 90 — 180 


135 — 270 





Vcp=10 V, Ig =0, f=1.0 MHz 
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2SD1005 


TYPICAL CHARACTERISTICS (Ta =25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


When mounted on ceramic 
substrate of 2.5 cm?X0.7 mm 





] 








Py —Total Power Dissipation —W 




















0 25 50 75 100 125 150 175 
Ta—Ambient Temperature — °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 























\¢ —Collector Current —mA 








0 2 4 6 8 10 12 14 16 18 20 
Vcg —Collector to Emitter Voltage —V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


Voge =2.0 V 
Puised 


























hee —DC Current Gain 





































































































500 1000 2000 


i @ 5 10 20 50 100 200 


\¢ —Collector Current—mA 
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l¢ —Collector Current— mA 


I¢—Collector Current— mA 


VCE(sat) —Collector Saturation Voltage— 


N E Cc ELECTRON DEVICE 














COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 















































1000 
| 4 + + 
0 
800 er cs 
it 
14 
12 
10 
600 
8 
6 
4 
400 
\g=2 mA 
200 [i 1 4 
+ mt 9 ca (ae —~T 
0 0.4 0.8 1.2 1.6 2.0 


° 
= 


od 
t=) 
a 


0.03 


1 2 5 10 20 50 100 200 500 





VcE —Collector to Emitter Voltage —V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
































































































































0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 


Vee —Base to Emitter Voltage —V 


COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 






















































































1000 
I¢—Collector Current —mA 


IN EG ELECTRON DEVICE 


VBE(sat)— Base Saturation Voitage—V 


Cop — Output Capacitance —pF 


BASE SATURATION VOLTAGE vs 
COLLECTOR CURRENT 


2 
° 






















































































1 2 5 10 20 50 100 =.200 500 1000 
\¢ —Collector Current — mA 


OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 





f= 1.0 MHz 
{p=0 





































































































1 2 5 10 20 50 100 
Veg —Collector to Base Voltage —V 
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ff —Gain Bandwidth Product -MHz 


2SD1005 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 



















































































$1 ars =5 -10 ~20 -50 -100 
\¢ —Emitter Current—mA 


NEC SILICON TRANSISTORS 
ca 2SD1006,2SD1007 


NPN SILICON EPITAXIAL TRANSISTORS 
POWER MINI MOLD 






DESCRIPTION 
The 2SD1006 and 2SD1007 are designed for audio frequency power amplifier application, especially in Hybrid Integrated 
Circuits. 
FEATURES 
PACKAGE DIMENSIONS @ World Standard Miniature Package : SOT—89 
in millimeters (inches) ® High Collector to Emitter Voltage : Vceg > 120 V (2SD 1007) 
: Veeo > 100 V (2SD 1006) 
yee @ Complement to PNP type 2SB805 and 2SB806 respectively. 
1.6 MAX. ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 
eee ee Maximum Voltages and Currents 28D1006 2SD1007 
Collector to Base Voltage Vcso 100 120 Vv 
S Collector to Emitter Voltage VcEO 100 120 Vv 
2% Emitter to Base Voltage VeBo 5.0 V 
s 4 Collector Current (DC) Ic 0.7 A 
21a TT el *] Collector Current (Pulse) * Ic 1.2 A 
oto e Maximum Power Dissipation 
0.44 MAX. Total Power Dissipation 
(718) (0173) at 25 °C Ambient Temperature** Py 2.0 Ww 
a Rae Maximum Temperatures 
>. Collector Junction Temperature Tj 150 °C 
3. Base Storage Temperature Range Fig -55 to +150 °C 


*PW S10 ms, duty cycle £50 % 
**When mounted on ceramic substrate of 2.5 cm? x0.7 mm 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 





CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONDITIONS 
A 


: 100 n 2SD1006 Vcp=100 V, ig=0 
Collector Cutoff Current IcBOo 106 vi San 0b7 Vep=120 V, 1p=0 
Emitter Cutoff Current lEBO 100 nA VeEB=5.0 V, Ic=0 
eee 


DC Current Gain heey 45 Hie 200 VcEe=1.0 V, I¢=5.0 mA 
DC Current Gain | hFe2 90 200 400 VcE=1.0 V, I¢=100 mA 
Collector Saturation Voltage VCE (sat) T 0.3 Ic =500 mA, lg=50 mA 



























| 










































fae RO lL 

Base Saturation Voltage VBE (sat) 0.9 i¢=500 mA, |g =50 mA 

Base to Emitter Voltage | VBE 650 | 620 | Vce=10V, I¢=10 mA 
i 


Gain Bandwidth Product 





MHz | Vce=10 V, te=-10 mA 
Vcp=10 V, le =0, f=1.0 MHz 

















Output Capacitance 
***Pulsed: PW $350 us, duty cycle $2 % 






hee Classification 
2SD1006 HM HL 
2SD1007 HR Ha HP 
90 — 180 135 — 270 200 — 400 


MARKING 
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es 2 SK 67 


Impedance Converter 
N-channel Silicon Junction FET 


PACKAGE DIMENSIONS 


in millimeters (inches) 


@ Low Zero gate voltage drain current: Ipgg = 200HA TYP. 
@ High forward transfer admittance: 
29202 l¥ggq |= 1500UU TYP. (Vps = 5.0V, Veg = 0) 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltage and Currents (Ta=25°C) 


Gate to Drain Voltage Vepo —20 Vv 
i Gate Current Ig 10 mA 
§ Drain Current (DC) Ip 10 mA 
S Maximum Power Dissipation 
Total Power Dissipation 
0168.5 0.47:& (Each Pin) at 25°C Ambient Temperature Pry 80 mW 
(0.006) (0.016) 
Maximum Temperatures 
1. Source Junction Temperature Tj 100 —e 
ce die Storage Temperature Range Tstg —55to+100 °C 





ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC SYMBOL 
Zero-Gate-Voltage Drain Current | toss _| 
Gate-Source Cutoff Voltage VGSloff) 


Vps=5.0V, Ip=30uA, f=1.0kHz 


Vps=5.0V, VGg=0, f=1.0kHz 


Vps=5.0V, Vgs=0, f=1.0MHz 








Ipss Classification 


wax [2 [= |» | « [* | # 7, _#_] 
[Tosstual | 70-40 | 36-70 | 0-120 | 100-200 | 180-00 | 770-=0 | S00 1000 
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P;—Total Power Dissipation —mW 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
























































Ta—Ambient Temperature—*C 


GATE TO SOURCE CURRENT vs. 
GATE TO SOURCE VOLTAGE 





‘as—Gate to Source Current—uA 


























Vas—-Gate to Source Voltage—V 


FORWARD TRANSFER ADMITTANCE vs. 
GATE TO SOURCE VOLTAGE 
5.0 





Vs = 5.0V 











lye. |-Forward Transfer Admittance—mo 


























-05 -0.3 - O01 0 O01 0.3 0.5 
Vas--Gate to Source Voltage—V 
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tu-Drain Current- 4A 


C.,,—-Output Capacitance —pF 
C.,,-!nput Capacitance —pF 





DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 
































Oo 2 4 6 8 10 12 14 16 18 20 


Vns~Drain to Source Voltage-V 


DRAIN CURRENT vs. 
GATE TO SOURCE VOLTAGE 
1.0 








lo~Drain Current -—mA 


























Vis—-Gate to Source Voitage-V 


INPUT AND OUTPUT CAPACITANCE vs. 
DRAIN TO SOURCE VOLTAGE 
10 





















































1 2 5 10 20 50 100 


Vps~Drain to Source Voltage—V 





2SK67 


GATE TO SOURCE CUTOFF VOLTAGE 
AND FORWARD TRANSFER ADMITTANCE vs. 
ZERO-GATE-VOLTAGE DRAIN CURRENT 


Gate to Source Cutoff Voitage—V 


ly;.2 |-Forward Transfer Admittance-mO 


t-—_t 
aa 
oe as 
BE 
ST RGA 


Vostor a> 





10 20 50 100 200 500 1000 
lnss~Zero— Gate —Voltage Drain Current — yA 
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2 SK 160 


AF & RF Amplifier 
N-Channel Silicon Junction Field Effect Transistor 


@ General Purpose 


PACKAGE DIMENSIONS 


in millimeters (inches) 


2.5'33 
1.5 0.5}"8-48(0.02) ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 
& Maximum Voltages and Currents 
a 3 Gate to Drain Voltage Vepo —30 Vv 
s 3s 2 Gate to Source Voltage Veso —30 Vv 
g ss Drain Current (DC) Ip 20 mA 
2 Gate Current (DC) Ig 10 mA 


Maximum Power Dissipation 
Total Power Dissipation 


at 25°C Ambient Temperature P, 150 mW 
Maximum Temperatures 
Junction Temperature Tj 125 “G 
= re Storage Temperature Range Tstg —55to+125 °C 


0.1~0.25 
(0.004 ~ 0.01) 





ELECTRICAL CHARACTERISTICS (Ta= 25°C) 


[eaweuor owen | tess ||| tO fom 
[ zaroGue voto On aren | Iggs | 08 | #8 | [mA | Vog"S0V\Vegr@ 
938-14 [ 48 [0 | Vp 600 rum 
ee 
re 
ee 
1 













UNIT TEST CONDITIONS 
VG6s"—30V, Vpsg=0 







Fee Cae 
Forward Transfer Admittance | ivplg | 18 | Vps=5.0V, Vesz0. f=1.0kHz 
Feedback Capacitance a ee Vps=10V, Vggn0, f=1.0MHz 





lpsg Classification 
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2SK160 





TYPICAL CHARACTERISTICS (Ta=25 C unless otherwise noted) 


TOTAL POWER DISSIPATION DRAIN CURRENT 
vs. AMBIENT TEMPERATURE vs. DRAIN TO SOURCE VOLTAGE 















































(p—Drain Current—mA 














P+—Total Power Dissipation —mW 









































































































































































































































0 25 50 75 100125 150 0 1 2 3 4 5 6 
Ta—Ambient Temperature — °C Vps—Drain to Source Voltage —V 
ORAIN CURRENT DRAIN CURRENT 
vs. DRAIN TO SOURCE VOLTAGE vs. DRAIN TO SOURCE VOLTAGE 
Es q 
Pm | 
$ 5 
5 = 
° 3 
& c 
= ‘S 
o ras 
I { 
0 5 10 15 20 25 30 
Vps —Drain to Source Voltage —V Vps—Drain to Source Molene Hy. 
DRAIN CURRENT 
DRAIN CURRENT 
vs. GATE TO SOURCE VOLTAGE vs. GATE TO SOURCE VOLTAGE 
Vps =5.0V 
< 
i= 
< | 
€ oa) 
| ry 
€ r 
o = 
= (Ss) 
3 < 
a a 
L — 
ae 
0 1.6 ~1. : : .8 -0.6 —0.4 -0.2 
2.4 -2.0 —1.6 —1.2 —0.8 0.4 Set ee onde wale y 
Vas—Gate to Source Voltage~V Vos —Gate to Source Voltage 
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ly¢,| Forward Transfer Admittance —m0 


lyi-Forward Transfer 


FORWARD TRANSFER ADMITTANCE 
vs. GATE TO SOURCE VOLTAGE 


Vps =5.0V, f=1.0kHz 

































































ly¢s| —Forward Transfer Admittance —md 





2.4 2.0 1.6 1.2 0.8 0.4 
Vos ~Gate to Source Voltage —V 


FORWARD TRANSFER ADMITTANCE 
vs. DRAIN CURRENT 







































































Ol “O.2 0.5 1 2 5 10 
Ip—Drain Current—mA 


FORWARD TRANSFER ADMITTANCE vs. 
ZERO-GATE VOLTAGE DRAIN CURRENT 














Admittance — m@ 





















































0.5 1 2 5 10 
lpss —Zero-Gate Voltage Drain Current—mA 


Vestoff) Gate to Source 
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Cis; Input Capacitance — pF 


2SK160 





FORWARD TRANSFER AOMITTANCE 
vs. AMBIENT TEMPERATURE 


5 
Vis =5.0V, f=1.0kHz 


























lyi.|--Forward Transfer Admittance —m@ 


























0 
—20 0 20 40 60 80 
Ta—Ambient Temperature — °C 


GATE TO SOURCE CUTOFF VOLTAGE vs, 
ZERO-GATE VOLTAGE DRAIN CURRENT 


Cutoff Voltage —V 

























































































0.5 1 2 5 10 


Ipss—Zero-Gate Voltage Drain Current—mA 


INPUT AND FEEDBACK CAPACITANCE 
vs. DRAIN TO SOURCE VOLTAGE 












































C,s;—Feedback Capacitance — pF 





















































0.10.2 0.5 1 2 5 10 20 
Vps—Drain to Source Voltage —V 





Ree 1S2835, 1S2836 


High Speed Switching 
Silicon Epitaxial Double Diodes : Common Anode 


PACKAGE DIMENSIONS 


ae : @ Low capacitance: C; = 2.5pF TYP. 
~ ee @ High speed switching: t,, = 4.0ns MAX. 
®@ Wide applications including switching, limitter, clipper. 
38 (0.02) @ Double diode configuration assures economical use. 
3 
8 seS | ABSOLUTE MAXIMUM RATINGS 
: " Maximum Voltages and Currents (Ta= 25°C) 1$2835 1S2836 
Peak Reverse Voltage Vrm 35 75 V 
DC Reverse Voltage Vr 30 50 Vv 
Surge Current (1 ys)* lesm 6.0 6.0 A 
Surge Current (1 ys) lesm 4.0 40 A 
Peak Forward Current” lem 450 450 mA 
Peak Forward Current lem 300 300 mA 
ee Average Rectified Current* lo 150 150 mA 
(0.004~0.01) Average Rectified Current lo 100 100 mA 
: ; Maximum Temperatures 
rete ee Junction Temperature Tj 125 125 °C 


Storage Temperature Range Tyg 55 to +125 —55to+125 °C 
Thermal Resistance 


Junction to Ambient* Reh (j-a) 1.0 1.0 °C/mw 
Junction to Ambient Rth(j-a) 0.67 0.67 °C/mw 


2 
Cathode 


1 
Cathode 


* Both diodes loaded simultaneously. 


Mark 


182835 = A3 
182836 A4 





ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


| 182836 (a4) | 182836 (a4) 
CHARACTERISTIC UNIT TEST CONDITIONS 


Vv 


Forward Voltage terion 





Coa | vasov | 
ram | Vaesov 
Capciane Cor | vaso. eraN 
cm 


Reverse Current 
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182835, 182836 





TYPICAL CHARACTERISTICS (Ta = 25°C) 


182835 FORWARD CURRENT vs, 182835 REVERSE CURRENT vs. 
FORWARD VOLTAGE REVERSE VOLTAGE 


100 J 


‘i ee aeee 




















































































lp—Forward Current-~mA 
uw 
'a—Reverse Current—nA 


































































































0.5 
0.2 
0.2 0.4 0.6 0.8 1.0 2 
Ve—-Forward Voltage—V Va—Reverse Voltage—V 
1$2836 FORWARD CURRENT vs, 182836 REVERSE CURRENT vs. 
FORWARD VOLTAGE. REVERSE VOLTAGE 
=== 
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to 





ty~-Forward Current —mA 
wo 
Ik-Reverse Current—nA 




























































































0.2 0.4 0.6 0.8 1.0 2 “0 10 20 30 40 50 
Ve—Forward Voltage—V Vr--Reverse Voltage—V 
182835, 2836 TERMINAL CAPACITANCE vs. 182835, 2836 REVERSE RECOVERY TIME vs. 
REVERSE VOLTAGE FORWARD CURRENT 
20 





























C, —Capacitance—pF 











ter—Reverse Recovery Time—ns 























HEF ar a 


0.5 5 10 20 50 100 \¢—Forward Current—mA 


























Va—Reverse Voltage—V 
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182835, 182836 





trr REVERSE RECOVERY TIME TEST CIRCUIT 


























Trigey Input Voltage Output Current 
‘8 Waveform to Diode Waveform in Diode 
Pulse ard eee Sampling m Vr 
Generator |__| Oscilloscope 
(50) (502) Vr ad 












Ir = 10mA, Va=6.0V, R= 10022 


DC Sorce e=O0.1-h, 
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EEE 1S2837, 1S2838 


High Speed Switching 
Silicon Epitaxial Double Diodes : Common Cathode 


PACKAGE DIMENSIONS 


in millimeters (inches) 


fae 


®@ Low capacitance: C,=1.1pF TYP. 

® High speed switching: t,,=3.0ns MAX. 

@ Wide applications including switching, limitter, clipper. 
® Double diode configuration assures economical use. 


0.4 * 8 45 (Each pin) 


(0.016) 


oa 
ft 
2 
° 
& 


ABSOLUTE MAXIMUM RATINGS 


Maximum Voltages and Currents (Ta=25°C) 1$2837 1$2838 

Peak Reverse Voltage Vrm 35 75 Vv 

DC Reverse Voltage Vr 30 50 Vv 

Surge Current (1 js)* lesm 6.0 6.0 A 

Surge Current (1 ps) lesm 4.0 4.0 A 
ee Peak Forward Current* lem 450 450 mA 
(0.004~ 0.01) Peak Forward Current lem 300 300 mA 
Average Rectified Current” I, 150 150 mA 
Connection Diagram Average Rectified Current lo 100 100 mA 

pep view Maximum Temperatures 

Junction Temperature Tj 125 125 °C 


Storage Temperature Range Tyg —S5to+125 -55to+125 °C 
Thermal Resistance 
Junction to Ambient* Rehij-a) 1.0 1.0 °C/mW 


Junction to Ambient Rtn(j-a) 0.67 0.67 °C/mW 


“Both diodes loaded simultaneously. 


3 
Cathode 


Mark 


182837 AS 
182838 AG 





ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


182837 (A5) | tsze3B (aes | | tsze3B (aes | 
| min. | tye, | Max. | min. | Typ, | MAX. | 


oe 













Forward Voltage 












aaa a ee ee ee ee 


Croat a A 
Reverse Recovery Time ter 
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Vea—Reverse Voltage—V 


182837, 1S2838 





trr REVERSE RECOVERY TIME TEST CIRCUIT 








=e Input Voltage Output Current 
niger Waveform to Diode Waveform in Diode 














Pulse Sampling 0 Ve 
Generator Oscilloscope 
(502) (502) Ve 





Ir = 10mA, Va=6.0V, RL=1002, 
rr=O.1+4, 











157 


Contents 





Reliability Information 


Small Signal Transistors 


Power Transistors 


Field Effect Transistors 


Mini-Mold Transistors/Diodes 


(SOT 23 and SOT 89) 
SST Transistors 6 
Diodes vf 


Opto Devices 


Rectifier Products 


Cross Reference Information 


Application and Design Notes 


SST Transistors 





SST Mold Transistor Series 


PNP Silicon Transistors ... 
NPN Silicon Transistors .. . 
N-Channel Junction Field-Effect Transistors 


NEC _ 


ELECTRON DEVICE 


DESCRIPTION 


FEATURES 


LINE UP 


SST MOLD TRANSISTOR SERIES 


The SST (Small Size Transfer) MOLD TRANSISTOR 
SERIES are designed for high density assembly of equip- 
ment, and these are very suitable for minimizing and 
lightening of sets. 

Especially recommended for thin type portable radio, 
micro cassette tape recorder, camera and the other small 
type equipment. 


@ Small Package 
@ Abundant Kinds (11 Types) 
FM/RF to Audio Output Stage 
@ High Total Power Dissipation 
P+ = 250 mW ~ 350°mW (Depends on Type No.) 
@ Same lead-to-lead Space as TO-92 Type 


TYPE NO. 
28K193 
2SC2786 

eee oF.) 
2SC2784 


APPLICATION 


FM/RF Amplifier 
FM/RF, MIX., CONV. 























_ FM/AM IF, AM/CONV. 
| AF Low Noise Amplifier 





2SA1174 AF Low Noise Amplifier 





2SC2785 
2SA1175 


General Purpose Amplifier 





General Purpose Amplifier 














2SD1020 AF Driver 





2SB810 AF Driver 








2SD1021 
2SB811 


AF/Driv., Output 
AF/Driv., Output 












PACKAGE DIMENSIONS 


in millimeters 





12.5 MIN. > 


© Transistor FET 


— 1. Emitter 





Gate 
2, Collector Source 
Drain 


> 3. Base 





Absolute Maximum Ratings. 


QUICK REFERENCE TABLE (1) 


Test 


hee and Ipgs Classification 





Condition 
90 — rao - ve 35 — 220/170 — 270} 200 — 320/250 — so 300 — 9 400 — 800 ro — 1200] VcE/Vp§ 
Ic 





2SK193 


28C2786 . 


U E F P K L M 
0.5--10 0.75-15 10-20 15-30 20-40 30-60 40-—8.0 





2SC2787 








2SC2784 





2SA1174 





28C2785 





28A1175 














2SD1020 





288810 








2801021 











2SB811 














SaIWaS YOLSISNVYL GIOW LSS 


JNAIG NO¥L9919 SHIN 


2SC2786 


QUICK REFERENCE TABLE (2) 


f7(MHz} 
lygsif (mS) 7 


Condition 


Equivalent Type No. 
To TO-92 Package 














Vps=5.0 V 
VoGs=0 
Rg=50 2 
f=100 MHz 


Vps=5.0 V 
Ves=0 
f=1.0 MHz 


VceE=6.0 V 
!c=1.0 mA 
Rs=50 2 

f=100 MHz 


2SK195 


2801674 





28C2787 


VceE=6.0 V 
Ic=1.0 mA 
Rs=500 2 
f=1.0 MHz 


2SC1675 





28C2784 








Vce=5.0 V 
Ic=1.0 mA 
Rs=100 kQ 

f=10 Hz~1.0 kHz 
Av=80 dB 


N 
a 
tee as ha ee ee 


2SC1845 





I¢=-10 mA 


28A1174 ige—1.0 mA 





Vce=-6.0 V 
Ic=-1.0mA 


j 


Vce=—5.0 V 

Ic=-1.0mA 

Rg=100 kQ 

f=10 Hz~1.0 kHz 
Av=80 dB 

be 


Vcp=—30 V 
\e=0 
f=1.0 MHz 





2SC2785 





Ic=10 mA 








2SA992 


Compiementary Pair 





Vce=6.0 V 
Ic=0.1 mA 
Rg=2.0 k2 
f=1.0 kHz 


Vcp=6.0 V 
le=0 
f=1.0 MHz 





2SA1175 


2SB810 


1 
' Vce=-6.0 V 
| 1¢=—10 mA 


| 


VcE=-6.0 V 
ic=—-0.3 MA 
Rg=10 ka 
f=100 Hz 


' 
Vcp=—6.0 V | 
\e=0 5 | 
f=1.0 MHz : 

s] 








288811 








aa i 
1 
I 
1 
Vcp=—6.0 V 


\e=0 
f=1.0 MHz 





ae 5 


VceE=6.0 V 
I¢=10 mA 





Vce=—6.0 V 


t 
| 
i} 
I 
| Ic=—10 mA 


Vcp=6.0 V 
Ie=0 
f=1.0 MHz 





Vcp=—6.0 V 
ig=0 
f=1.0 MHz 





2SA733 


28C2001 


2SA952 


Complementary Pair 


Complementary Pair 





2SD471 


2SB564 


Complementary Pair 





331A90 NOW19313 SAN 


S3IH3S YOLSISNVYL GIOW LSS 


SST MOLD TRANSISTOR SERIES 


BLOCK DIAGRAM FOR EXAMPLE 
1. THIN TYPE PORTABLE RADIO (Po < 400 mw) 

















2SC2787 


2SC2787 


FM/CONV.| = {FM/AM IF 
2SC2786 
or 2SC2787 
2SC2787 

AM/CONV. 


2SC2787 


2SC2785 2$C2785 


2. MICRO CASSETTE TAPE RECORDER 


ECM MIC AMP. 


2SC2785 


2SK193 
or 
2SC2786 























28D 1020 













or 
28D1021 


2SB810 






or 
2SB811 










OUTPUT 
28SD1021 


2SB810 















2SC2785 


2SC2785 


28C2784 


R. P Head 















ALC 


2SC2785 
or 
2SD1020 


BIAS OSC 
28C2785 
or 

28D 1020 


MARKING EXAMPLE 





2SC 2784 


IDENTIFICATION CODE (3 ~ 4 digits) 


LOT CODE (2 digits) 


hFE or Ipgg CLASSIFICATION (1 digit) 





POLARITY and APPLICATION SYMBOL (1 digit) 


: PNP TRANSISTOR for HIGH FREQUENCY 
: PNP TRANSISTOR for LOW FREQUENCY 
: NPN TRANSISTOR for HIGH FREQUENCY 
: NPN TRANSISTOR for LOW FREQUENCY 
: N-ch. FIELD-EFFECT TRANSISTOR 


AOODp 


NEC ELECTRON DEVICE 


NEC 


PNP SILICON TRANSISTOR 


2SA1174 


PACKAGE DIMENSIONS 


in millimeters 


ELECTRON DEVICE 
DESCRIPTION The 2SA1174 is best for use as the middle range amplifier in Hi-Fi 
stereo control amplifiers, power amplifiers, and etc. 
FEATURES @ High Voltage. Vceo : —60V 


@ Low Output Capacitance. 
@ High hee. 
® Super Low Noise. NV: 25 mV TYP. (See test circuit.) 
@ Complementary to the NEC 2SC2785 NPN transistor. 


ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C) 


Maximum Temperatures 
Storage Temperature 
Junction Temperature 

Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation 

Maximum Voltages and Currents 
Vcpo Collector to Base Voltage............. 
Vceo Collector to Emitter Voltage........... 
Vepo Emitter to Base Voltage 
Ic Collector Current 
Ip Base Current... .... 0... eee eee 


ee 


Ce 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL 


IcBo 
ICEO 
lEBO 
VBE 
VCE(sat) 


CHARACTERISTIC 
DC Current Gain 
DC Current Gain 
Gain Bandwidth Product 
Output Capacitance 
Noise Voltage 


Collector Cutoff Current 

Collector Cutoff Current 

Emitter Cutoff Current 

0.55 —0.61 


—0.09 


Base to Emitter Voltage 


Collector Saturation Voltage 





Classification of hee 


P F E 





200 — 400 


300 — 600 400 — 800 





heeg Test Conditions : 


VceE =—-6.0 V, I¢=—-1.0 mA 


Cop : 2.0 pF TYP. (Veg=—30 V) 
hee : 500 TYP. (Voce =—6.0 V, I¢=—1.0 mA) 























—60 V eee 

. Emitter 
—60 V 2. Cotlector 
—5.0 V 3. Base 
—50 mA 
—10mA 





TEST CONDITIONS 
Vce=—6.0 V, Ic=—-0.1 mA 
VceE=—6.0 V, Ic=-1.0 MA 
VcE=—6.0 V, Ic=-1.0 MA 
Vcp=—30 V, le=0, f=1.0 MHz 


VcE=—5.0 V, I¢=-1.0 MA, RG=100 kQ 
Gv=80 dB, f=10 Hz to 1.0 kHz 


Vcp=—60 V, !—=0 
Vce=—60 V, Rgpe=0° 
Vep=—5.0 V, Ic=0 
VcE=—6.0 V, Ic=—-1.0 MA 
Ic=—10 mA, Ip=—1.0 mA 


2SA1174 


TYPICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


-600 












500 





In free air 














400 














300 








apes 
ar ape ee! 
nama oar aa 
ap at 





200 





— 











P+— Total Power Dissipation—mW 




















0 25 50 75 














100 
Ta--Ambient Temperature — ‘°C 


125 150 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


I¢—Collector Current —mA 
































-0.2 -0.3 -04 -05-06 - 

















0.7 -08 -0.9 -1.0 


Vge- Base to Emitter Voltage -V 


GAIN BANOWIDTH PRODUCT vs. 
EMITTER CURRENT 






































































































































: Vv 6.0 V 
CEN: 
5000 is 
N 
= + 
1} 2000 P+ 
8 | 
2 1000 
2 
a 500 
= 
bs] 
3 200 + 
U 
= 
g 100L— 
i“ 
‘3S 50 
7 
20 
10 
0102 #05 1 2 - 10 20 50 100 


Ie—Emitter Current-~mA 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
-1.0 




























































< ~08 
€ 
| 
. 
+ -0.6 
3 
s 
® ~04 
8 
© 
-0.2 
0 -20 —40 —60 — 80 - 100 
Voce — Collector to Emitter Voltage --V 
DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
900 
PT ET voce 0 | 
coo UT TTT] putsea 
Yt LT Mi 
* Ce 
S 
8 600 
c 
2 500 
5 
i 400 
i 
w 300 
xo 
200 
100 


Cob ~ Output Capacitance — pF 



























































I¢—Collector Current — mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 








Ip=0 
f=1.0 MHz 





















































en —Noise Voltage ~nV/\ Hz 


—Collector Saturation Voltage V 


--Base Saturation Voltage - V 


VBE(sat) 
VoE(sat) 


1000 


8 


es 38 
8 &§ 


n 
o 


20 


l¢~ Collector Current mA 





1 1 
o 9° 
> 
= 





N. EF C ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
~10 



































Vee — Collector to Emitter Voltage -- V 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 












































-0.1-0.2 -05-1 -~2 ~5 -10~-20 
I¢- Collector Current -mA 


= 50-100 





e, AND i, vs. COLLECTOR CURRENT 











1, en 
( 


NF =10 logi, + sur Rg 




































































































































































-0.1 


i¢—Collector Current—mA 


NEC ttectron oevice 2SA1174 


NOISE FIGURE MAP 


f=1.0 kHz 
Af=1.0 Hz 


KOSS 
RN NRINS 
INS 
anes AN iS 
os 























Rg~- Source Resistance —Q 




















—0.01 —0.02 —0.05 -0.1-0.2-0.5-10-20 -50 -10 
l¢~ Collector Current ~mA 


NOISE VOLTAGE TEST CIRCUIT 


-15V 








+15 V FLAT 


Voge = 75 V, Io=—1.0 mA, Rg=100 k2, Gy=80 dB, FLAT(f=10 Hz to 1.0 kHz) 





NEC | PNP SILICON TRANSISTOR 


ELECTRON DEVICE 2SA1175 


DESCRIPTION The 2SA1175 is designed for use in driver stage of AF amplifier. 
PACKAGE DIMENSIONS 
in millimeters 
“FEATURES @ High hee and excellent linearity : 200 TYP. pao aee 6! 
hee (Ic =-1.0 mA) 
@ Complementary to the NEC 2SC2785 NPN transistor. 






ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C) 
Maximum Temperatures 

















Storage Temperature..............0% ~—55 to +125 °C 
Junction Temperature ............. +125 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation... .........00200 00s 300 mW 
Maximum Voltages and Currents 
Vcgo Collector to Base Voltage............. —60 V 
Vceo Collector to Emitter Voltage........... —50 V 
Vegpo Emitter to Base Voltage............-.. —5.0 V 1. Emitter 
s ‘ 2. Collector 
Ic Collector Current ...........2 00005 ~—100 mA 3 3 3. Base 
Ip Base Current..........-. 0000s eee —20 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC : TEST CONDITIONS 


hFe DC Current Gain VcE=—6.0 V, Ic=—-1.0 MA 


NF Noise Figure ; VcE=-6.0 V, Ic=-0.3 MA, RG=10 ka, 
f=100 Hz 


fT Gain Bandwidth Product ! VcE=—6.0 VV, Ic=-1.0mA 
Cob Output Capacitance ‘ 5 # Vcp=—10 V, ig=0, f=1.0 MHz 
ICBO Collector Cutoff Current , Vcp=—60 V, lE=0 

lEBO Emitter Cutoff Current , Vep=—5.0 V, Ic=0 

VBE Base to Emitter Voltage Vce=—6.0 V, Ilc=—1.0 mA 
VCE(sat) Collector Saturation Voltage A Ic=—100 mA, Igp=—10 mA 





Classification of hee 


Rank R J H F E K 





Range 110 ~ 180 135 — 220 170 — 270 200 — 320 250 — 400 300 — 600 





hfe Test Conditions: Vce=—6.0 V, Ic =-1.0 mA 


2SA1175 INE] ELECTRON DEVicE 


TYPICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 























































































































TOTAL POWER DISSIPATION COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
vs. AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
— 100 ; 
RCL rear] NESS os 
= ‘i q = 
, +L See 
ec o. =< 
8 t EZZZAaS E 
: be ad ZZZeO= 5 
Ww o —_ i i - — 
é Zeaeee ee 
e 3 4 at =. 
oa : 
o 8 — 40 =-0.2 mA = - 
Ss S us S 
ee 3 
{ oO 2 
: eae + 
0 25 50 75 100 125 150 S 
0 —0.2 —0.4 0.6 -0.8 —1.0 
Ta~ Ambient Temperature—°C 
VcE—Collector to Emitter Voltage—V Voge —Collector to Emitter Voltage—V 
DC CURRENT GAIN DC CURRENT GAIN COLLECTOR CURRENT vs. 
vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT BASE TO EMITTER VOLTAGE 
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Oo = —o— a 
; eee, «oe Sd 
L | Seale ae BS 0D ae 5 Sees aa RN 
4 PTT TE Tg ff 
ov 
e CI is eae 
| 
COO eC ay 
-—0.1-0.2 -05 -1 -2 -5 -10 ~—20 -—50 -—100 -0.1 -0.2 -05 -1 -2 -5 -10 -20 -50 -100 
t¢—Collector Current —mA ‘¢—Collector Current —mA 
ae 
-0.4 -0.5 -06 -07 +08 -0.9 ~1.0 
Vee —Base to Emitter Voltage—V 
COLLECTOR AND BASE SATURATION GAIN BANDWIDTH PRODUCT OUTPUT CAPACITANCE 
VOLTAGE vs. COLLECTOR CURRENT vs. EMITTER CURRENT vs. REVERSE VOLTAGE 


















































fr —Gain Bandwidth Product - MHz 





Cob — Output Capacitance — pF 









































VCE(sat)— Collector Saturation Voltage~V 


"BEL Sal) were vawuaiun yuLaBE  ¥ 


1.0 
—1.0 -2.0 16:0. = 10) = 20: ~-50 —100 





























Ig —Emitter Current —mA 





Vcg—Collector to Base Voltage—V 





I¢ — Collector Current —mA 


IWEL & ELECTRON DEVICE 


He—Normalized h—Parameters 


Rg—Source Resistance— 


NORMALIZED h-PARAMETERS 
vs. EMITTER CURRENT 


F—F—EYNORMAL h-PARAMETERS 

CE= ~6.0 V. IE= 1.0 mA. f= 1.0 kHz 
hie= 5.5 kQ. Mpe=7.5X 10°! 

Nte= 205. hgg= 28 nS 

















10 20 50 100 





le—Emitter Current—mA 


NOISE FIGURE MAP 2 










All 






Se 
NSUTIN 


PNT 
Rott 
cot al THON 


1 
0.01 -0.02 -0.05-0.1 -0.2 -0.5 


-1,0 -2.0 


t¢—Collector Current—mA 


He—Normalized h—Parameters 


Rg—Source Resistance— Q 








NORMALIZED h-PARAMETERS vs. 
COLLECTOR TO EMITTER VOLTAGE 


PTF Voce = ~ 6.0 V. Ig =1.0 mA. f= 1.0 kHz 
a 

















Voce ~ Collector to Emitter Voltage~V 


NOISE FIGURE MAP 3 
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I¢— Collector Current— mA 
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Rg-— Source Resistance—Q 


Rg—Source Resistance—Q 


mt) 


01 -0.02 


2SA1175 


NOISE FIGURE MAP 1 


~0,05-0.1-0.2 -0.5 -1.0-2.0 


\¢- Collector Current—mA 


NOISE FIGURE MAP 4 


-0.5 -1.0-2.0 


01 -0.02 -0.05 -0.) -0.2 
I¢~ Collector Current— mA 
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NEC 


ELECTRON DEVICE 


DESCRIPTION 


FEATURES 


The 2SB810 is designed for use in output stage of portable radio 
and cassette type tape recorder, general purpose applications. 


@ High total power dissipation. 
P+ = 350 mW 
@ High hee and low Vee (sat). 
hee (l¢=—100 mA) : 200 TYP. 
Vee (sat) (—-700 mA) : —0.25 V TYP. 
@ Compiementary to the NEC 2SD1020 NPN transistor. 


ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C) 


Maximum Temperatures 


PNP SILICON TRANSISTOR 


2SB810 


PACKAGE DIMENSIONS 


in millimeters 


4.0+0.2 6 


2.0402 ; 


cama 





12.5 MIN. 























Storage Temperature. ........0...... —55 to +150 °C 
Junction Temperature ............. +150 °C Maximum 

Maximum Power Dissipation (Ta = 25 °C) ho sh 
Total Power Dissipation... .......... 0.00005 350 mW 

Maximum Voltages and Currents 
Vcpo Collector to Base Voltage............ —30 V 1. Emitter 
Vceo Collector to Emitter Voltage.......... —25 V a Se 
Vepo Emitter to Base Voltage............. —5.0 V 
Ic Collector Current .. 2... 0... 000000 —700 mA 
ip Base Current... ...... 0.0000 ce eens —150 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL 


VBeE* 
VCE(sat)* 
VBE(sat)* 
IcBo 
lEBO 


* Pulsed 


CHARACTERISTIC 


DC Current Gain 

DC Current Gain 

Collector to Base Capacitance 
Gain Bandwidth Product 
Base to Emitter Voltage 
Collector Saturation Voltage 
Base Saturation Voltage 


Collector Cutoff Current 





Emitter Cutoff Current 


PW S 350 us, duty cycle < 2.0% 


Classification of heey 


Rank 


M J H F E 





Range 


hee, Test Conditions : 


110 — 180 


135 — 220 170 — 270 200 — 320 250 — 400 





VceE=-1.0 V, lc =-100 mA 
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TEST CONDITIONS 
VcE=—1.0 V, I¢=-100 mA 
VcE=—1.0 V, Ic¢=-700 mA 
Vcp=—6.0 V, IE=0, f=1.0 MHz 
VcE=—6.0 V, Ic=-10 mA 
Vce=—6.0 V, Iq=—-10 mA 
Ic=—700 mA, Ip=—70 mA 
Ic=—700 mA, Ig=-70 mA 
Vcp=—30 V, le=0 
VeB=—5.0 V, Ic=0 


Z5B310 NEC tectron vevice 


TYPICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
vs. AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 














In free air 


































































































\¢—Collector Current —mA 








P+~— Total Power Dissipation—W 
I¢—Collector Current —mA 
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Ta—Ambient Temperature — “C Vog Collector to Emitter Voltage —V 
-0.4 -05 -06 -07 -08 -09 -10 -11 
Vge—Base to Emitter Voltage—V 
BASE AND COLLECTOR SATURATION DC CURRENT GAIN vs. COLLECTOR TO EMITTER VOLTAGE 
VOLTAGE vs. COLLECTOR CURRENT COLLECTOR CURRENT vs. BASE CURRENT 


-1.0 





Ig=10+lg 
Pulsed 

















—Base Saturation Voltage —V 
sat) Collector Saturation Voltage —V 





Vce—Collector to Emitter Voltage—V 























































































































VeE(sat) 
CEC 





~01-02 -05-1 -2 -5& -10~20 -50-100 
-01 =1.0 -10 — 100 — 1000 —10 —100 Ig~Base Current—mA 
l¢7 Collector Current—mA, l¢~Collector Current —mA 
EMITTER TO BASE AND COLLECTOR TO BASE GAIN BANDWIDTH PRODUCT 
CAPACITANCE vs, REVERSE VOLTAGE vs. EMITTER CURRENT 














































































































f7 — Gain Bandwidth Product— MHz 










































































Cop —Collector to Base Capacitance —pF 





Cip —Emitter to Base Capacitance — pF 


0.1 1.0 10 100 2 


Vep—Emitter to Base Voltage —V Ie—Emitter Current —mA 
Vog—Collector to Base Voltage—V 
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EC PNP SILICON TRANSISTOR 


ELECTRON DEVICE 2S B S 1 7 


DESCRIPTION The 2SB811 is designed for use in driver and output stages of audio 


frequency amplifiers. PACKAGE DIMENSIONS 
in millimeters 
FEATURES ®@ High Total Power Dissipation: ie +02 









1.0 W at 25 °C Ambient Temperature. 
® Complementary to the NEC 2SD1021 Transistor. 

















ABSOLUTE MAXIMUM RATINGS 

Maximum Temperatures 
Storage Temperature ..............ee00- —55 to +150 °C 
Junction Temperature ............... +150 °C Maximum 

Maximum Power Dissipation (Ta=25 °C) 
Total Power Dissipation ..........00. 0000. een 350 mW 
Thermal Resistance (Junction to Ambient) ...... 429 °C/W 

Maximum Voltages and Currents (Ta = 25 °C) 
Vepo Collector to Base Voltage ............... —30 V 
Vceo Collector to Emitter Voltage............. —25 V 2 1, Emitter 

* ~ 2. Collector 

Vego Emitter to Base Voltage................ —5.0 V 3. Base 
Ic Collector Current .......... 0... c eee eee -10 A 
lp Base Current ..... 0.0.0 cee ce eee eee —0.1 A 





ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
SYMBOL CHARACTERISTIC , ie TEST CONDITIONS 
heey DC Current Gain VcE=—1.0 V, Io=—0.1 A 
hrE2 DC Current Gain VCE=—1.0 V, Ic=-1.0A 
Gain Bandwidth Product VcE=—6.0 V, Ic=~10 mA 
Collector to Base Capacitance Vcp=—6.0 V, Ie=0, f=1.0 MHz 
ICBO Collector Cutoff Current VcBp=—30 V, te=0 
lEBO Emitter Cutoff Current VeEB=—5.0 V, ic=0 
VBE Base to Emitter Voltage VcE=—6.0 V, Ic=—-10 mA 
VCE(sat) Collector Saturation Voltage Ic=—-1.0 A, Ip=—0.1 A 





VBE(sat) Base Saturation Voltage I¢=—1.0 A, Ip=—0.1A 


Classification of hee, 


110 — 180 135 — 220 170 — 270 200 — 320 250 — 400 








hfe, Test Conditions: VcE=—1.0 V, Ic=—-0.1 A 
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2SB3811 


TYPICAL CHARACTERISTICS (Ta = 25 °C 


VBE (sat) ~ Base Saturation Voltage - V 


Py —Total Power Dissipation - W 


f7—Gain Bandwidth Product -- MHz 





TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
































Ta- Ambient Temperature— C 


BASE SATURATION VOLTAGE 
vs, COLLECTOR CURRENT 
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\¢—Collector Current —A 


GAIN BANDWIDTH PRODUCT vs, 
EMITTER CURRENT 
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le —Emitter Current —- mA 


unless otherwise noted) 


I¢- Collector Current -- mA 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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Vce—Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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Vee ~ Base to Emitter Voltage—V 
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hee —DC Current Gain 


Cop —Collector to Base Capacitance— pF 


VCE(sat) Collector Saturation Voltage—V 


IWaG& 3 tLecinun urvice 


COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 
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I¢-Collector Current ~A 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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I¢—Collector Current —A 


COLLECTOR TO BASE CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
























































-0.5 -1 -2 


-§ -10 -20  -50 -100 
Vep—Collector to Base Voltage—V 


NEC 


ELECTRON DEVICE 


DESCRIPTION 


FEATURES 


NPN SILICON TRANSISTOR 


The 2SC2784 is the best for use as the middle range amplifier in 
Hi-Fi stereo control amplifiers, power amplifiers, and etc. 


@ High voltage. Vceo : 60 V 

@ Low output capacitance. Cob : 1.6 pF TYP. (Vcg =30 V) 
@ High hee hee : 600 TYP. (VcE =6.0 V, Ie = 1.0 mA) 
@ Super low noise. NV : 25 mV TYP. (See test circuit.) 

@ Complementary to the NEC 2SA1174 PNP transistor. 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 


Maximum Temperatures 


Storage Temperature ..............-200 —55 to +125 °C 

Junction Temperature ............... +125 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 

Total Power Dissipation .............0. ccc ee eee 300 mW 
Maximum Voltages and Currents 

Vcpso Collector to Base Voltage .............005- 60 V 

Vceo Collector to Emitter Voltage .............. 60 V 

Veso Emitter to Base Voltage ..........-...... 5.0 V 

Ic Collector Current ... 0.0.2.2... cee ence eee 50 mA 

lp Base Current .... 0... . cece cee ee eens 10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL 


DC Current Gain 

DC Current Gain 

Gain Bandwidth Product 
Output Capacitance 
Noise Voltage 


IcBo Collector Cutoff Current 
IcEO Collector Cutoff Current 
lEBO Emitter Cutoff Current 

VBE Base to Emitter Voltage 


VCE(sat) Collector Saturation Voltage 


CHARACTERISTIC — 


2$SC2784 


PACKAGE DIMENSIONS 


in millimeters 

















1. Emitter 
2. Collector 
3. Base 





1.18 





TEST CONDITIONS 


Vce=6.0 V, Ic=0.1 mA 

VceE=6.0 V, Ic=1.0 MA 

Vce=6.0 V, Ic=1.0 mA 

Vcp=30 V, Ie=0, f=1.0 MHz 
VcE=5.0 V, Ic=1.0 MA, RG=100 k2 


Gy=80 dB, f=10 Hz to 1.0 kHz 





Classification of hreg 





Se ee 
200~400 | 300-600 | 400-800 | 600 —1200 





hre2 Test Conditions : VcE =6.0 V, ic =1.0 mA 
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Vcp=60 V, te=0 
VceE=60 V, Rge=o° 
Vep=5.0 V, Ic=0 
VceE=6.0 V, Io=1.0 mA 
Ic=10 mA, Ig=1.0 mA 


2SC2784 IWC $3 ELECIHUW UtVviLt 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 


\n free air 



























































I¢—Collector Current—mA 
le—Collector Current—mA 














P7—Total Power Dissipation —mW 







































































0 25 50 75 100 125 150 





Ta—Ambient Temperature —°C 


Voce —Collector to Emitter Voltage—V Vce—Collector to Emitter Voltage—V 
COLLECTOR CURRENT vs. DC CURRENT GAIN vs. COLLECTOR AND BASE SATURATION 
BASE TO EMITTER VOLTAGE COLLECTOR CURRENT VOLTAGE vs, COLLECTOR CURRENT 


Ig = 10° 
pulsed 








hre—DC Current Gain 
—Base Saturation Voltage—V 


\¢—Collector Current —mA 
































(sat) 


VCE(sat) —Collector Saturation Voltage —V 
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“02 03 04 05 06 07. 68 09 1.0 
Vpe~Base to Emitter ‘Voltage —V 0.01 0.02 0.05 0.10.2 05 1 2 5 1020 50 100 
!q—Collector Current —mA 


\¢—Collector Current —mA 


GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE vs. @n AND ip vs. COLLECTOR CURRENT 
EMITTER CURRENT COLLECTOR TO BASE VOLTAGE fo 


10 — 1000 100 
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IV EC ELECTRON DEVICE 


Rg-—Source Resistance —Q 


NOISE FIGURE MAP 


Vog =6.0 V 
f=1.0 kHz 










































































0.01 0.02 0.05 0.1 0.2 05 1.0 20 5.0 10 
I¢~Collector Current~mA 


NOISE VOLTAGE TEST CIRCUIT 






f=10 Hz to 1.0 kHz 
Rg=100 kQ 


~15V FLAT 


Voe=5 V. Ic=1.0 mA, Rg=100 k2, Gy=80 GB. FLAT(f=10 Hz to 1.0 kHz) 
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2SC2784 





NEC NPN SILICON TRANSISTOR 
ELECTRON DEVICE 2 S C 2 7 8 5 


DESCRIPTION The 2SC2785 is designed for use in driver stage of AF amplifier and 
low speed switching. PACKAGE DIMENSIONS 


in millimeters 




















FEATURES @ High Voltage (Vceg > 50 V) 
@ Excellent hee Linearity 
hee (0.1 mMA)/hgeeg (1.0 mA) : 0.92 TYP. 
® Complementary to the NEC 2SA1175 PNP Transistor. 
ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C) 
Maximum Temperatures 
Storage Temperature ..............0000- —55 to +125 °C 
Junction Temperature ..............- +125 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation ...............0c eevee 300 mW 
Maximum Voltages and Currents 
Vepo Collector to Base Voltage ................. 60 V 
Vceo Collector to Emitter Voltage .............. 50 V 
Vego Emitter to Base Voltage ..............4-. 5.0 V a = S eallectae 
Ic Collector Current ........... 202 eee eee 100 mA 3, Base 
lp Base Current ........ 0c. cece eee ee ee eens 20 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC : : TEST CONDITIONS 


DC Current Gain Vce=6.0 V, Ic=0.1 mA 
DC Current Gain VceE=6.0 V, I¢=1.0 mA 
Noise Figure 4 Vce=6.0 V, Ic=0.1 MA, RG=2.0 k2, 
f=1.0 kHz 
Gain Bandwidth Product Vce=6.0 V, !e=-10 MA 
Collector to Base Capacitance il . VcBp=6.0 V, Ie=0, f=1.0 MHz 
ICBO Collector Cutoff Current Vcg=60 V, Ie=0 
ICEO Collector Cutoff Current 4 VcE=40 V, Ip=0 
!'EBO Emitter Cutoff Current VeB=5.0 V, Ic=0 
VBE Base to Emitter Voltage . VcE=6.0 V, Ic=1.0 mA 
VCE(sat) Collector Saturation Voltage : Ic=100 mA, !gp=10 mA 
VBE(sat) Base Saturation Voltage d Ic=100 mA, Ip=10 mA 





Classification of hreg 


Rank R J H E K 








Range 110 — 180 135 — 220 170 — 270 250 — 400 300 — 600 


he EQ Test Conditions : VcE=6.0 V, Ic=1.0 MA 
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WO Conector Current— mA 


Py7—Total Power Dissipation— mW 


ZOULIO’d 


TYPICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 





Free Air 




































































0 25 50 PEs) 100 125 150 


Ta—Ambient Temperature —°C 


COLLECTOR CURRENT 


vs. COLLECTOR TO EMITTER VOLTAGE 








I¢—Collector Current mA 
































Vce—Collector to Emitter Voltage —V 


COLLECTOR CURRENT 
vs. BASE TO EMITTER VOLTAGE 











Vce=6.0V —— 
Pulsed 





















































































































0. 
0.2 0.3 0. 7 0.8 0.9" 1.0 


VgeE—Base to Emitter Voltage—V 


VBE(sat)— Base Saturation Voltage—V 


Icpo{Ta) 
Icpo(Ta- 25°C 


NORMALIZED COLLECTOR CUTOFF 
CURRENT vs. AMBIENT TEMPERATURE 

































































j — Normalized Collector Cutoff Current 


hee —DC Current Gain 


at) —Collector Saturation Vottage—V 
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Ta: Ambient Temperature-- ‘C 


DC CURRENT GAIN 
vs. COLLECTOR CURRENT 


hl ae 1 amet 
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Pa TT TPT 
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l¢- Collector Current -mA 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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i¢—Collector Current—mA 
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NEG ELECTRON DEVICE 


COLLECTOR CURRENT 
vs. COLLECTOR TO EMITTER VOLTAGE 
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DC CURRENT GAIN 
vs, COLLECTOR CURRENT 
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C—Cotlector Current -- mA 


GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 
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Cip —Emitter to Base Capacitance— pF 


IN BC ELECTRON DEVICE 


EMITTER TO BASE AND COLLECTOR TO 
BASE CAPACITANCE vs. REVERSE VOLTAGE 





























Cop- Collector to Base Capacitance - pF 
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Veg~-Emitter to Base Voltage--V 
Vog—Coliector to Base Voltage~V 


50 





NORMALIZED h-PARAMETERS 
vs, COLLECTOR CURRENT 


f= 1.0 kHz 
he(ic) 


he(ic= 1.0mA) 
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NOISE FIGURE MAP 1 
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Rg— Source Resistance— 




















0.01 0.02 “0.05 01 02 


05 1 2 5 


{c~Collector Current—mA 


hte > Smali Signal Current Gain 





aT Wt FU 


INPUT IMPEDANCE, VOLTAGE FEEDBACK 
RATIO AND OUTPUT ADMITTANCE 
vs. SMALL SIGNAL CURRENT GAIN 


SMALL SIGNAL CURRENT GAIN 
vs. DC CURRENT GAIN 
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NEC 


NPN SILICON TRANSISTOR 


2SC2786 


PACKAGE DIMENSIONS 


in millimeters 


ELECTRON DEVICE 
DESCRIPTION The 2SC2786 is designed for use in FM RF amplifier and local 
oscillator of FM tuner. 
FEATURES @ High gain bandwidth product (f+ = 600 MHz TYP.) 


@ Small output capacitance (Cop = 1.0 pF TYP.) 
@ Low noise figure (NF = 3.0 dB TYP. @100 MHz) 


ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C) 
Maximum Temperatures 
Storage Temperature 
Junction Temperature 
Maximum Power Dissipation (Ta = 25 °C) 


Total Power Dissipation .............. 


Maximum Voltages and Currents 


Vcsgo Collector to Base Voltage ....... 


Vceo Callector to Emitter Voltage 


Vegpo Emitter to Base Voltage......... 


Ic Collector Current ............. 
Ip Base Current .............008. 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


CHARACTERISTIC 


DC Current Gain 
Output Capacitance 


SYMBOL 


Noise Figure 


Gain Bandwidth Product 


Power Gain 


Ce:rb’b 
ICBO 
lEBO 
VBE 
VCE(sat) 


Collector to Base Time Constant 
Collector Cutoff Current 
Emitter Cutoff Current 

Base to Emitter Voltage 


Collector Saturation Voltage 


Classification of hee 


Rank M L K 
Range 40 — 80 60 — 120 90 — 180 


hee Test Conditions : VcE=6.0 V, Ic=1.0 mA 
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+125 °C Maximum 


ee 


Pe ee ee ed 





2040.2 
6° 4 


r—é 


4.0+0.2 





3.0+0.2 


—55 to +125°C 




















1, Emitter 
2. Collector 
3. Base 





TEST CONDITIONS 
Vce=6.0 V, Ic=1.0 mA 
Vcp=6.0 V, ie=0, f=1.0 MHz 
Vce=6.0 V, IE=-1.0 MA, Rg=50 2 
f=100 MHz, See test circuit 
Vce=6.0 V, [E=—-1.0mA 
VceE=6.0 V, le=—1.0 MA, Rg=50 2 
f=100 MHz, See test circuit 
Vce=6.0 V, lE=—1.0 mA, f=31.9 MHz 
Vcp=30 V, Il_e=0 
Vep=4.0 V, Ic=0 
VcE=6.0 V, Ic=1.0 mA 
Ic=10 mA, Ip=1.0 mA 


Z3U2Z/386 


TYPICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 


0 


8 












I¢—Collector Current—mA 









rT TT | testo wa || 
ee 


0 25 50 75 100 125 0 8 10 12 14 16 18 2 
ie Collector to Emitter Voltage —V 


.Py—Total Power Dissipation—mW 

















Ta—Ambient Temperature —°C 


DC CURRENT GAIN vs. DC CURRENT GAIN vs. COLLECTOR 
COLLECTOR CURRENT TO EMITTER VOLTAGE 


HH 
STH 
-—E | 








hee—DC Current Gain 


hee—DC Current Gain 


{¢—Collector Current ~mA i Collector to ae Gi v 









































INPUT CAPACITANCE vs. EMITTER TO 
BASE AND COLLECTOR SATURATION BASE VOLTAGE, OUTPUT CAPACITANCE 
VOLTAGE vs. COLLECTOR CURRENT vs. COLLECTOR TO BASE VOLTAGE 









Ht 
02 EHH 


sia 














Cob —Output Capacitance —pF 
Cip —Input Capacitance — pF 


ia 


0. 
201 =r tt 


0.1 0.2 1 01 #082 05 5 10 20 50 


ne alsetoy ae mA Vog—Collector to Base Voltage —V 
Vegp—Emitter to Base Voltage —V 














po ceo Saturation Voltage—V 


VBE(sat) Base Saturation Voitage —V 
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IV EL ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
































I¢—Collector Current—mA 
































0 0.2 0.4 0.6 08 1.0 1.2 
VBE Base to Emitter Voltage —V 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 

















fy —Gain Bandwidth Product —MHz 


















































-0.1-02 -05-1 -2 -5 -10-20 —5 
le—Emitter Current—mA 


ny 


COLLECTOR TO BASE TIME CONSTANT 
evs. EMITTER CURRENT 






































Cco-rb'b—Collector to Base Time Constant—ps 


ae Emitter Current—mA 


INE] ELectRON Device 2SC2786 


INPUT ADMITTANCE vs. REVERSE TRANSFER ADMITTANCE FORWARD TRANSFER ADMITTANCE 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT 


| Bre hio7 wie || vce =60¥ 
PO Teed !00 MHz input short 
eee 
eet OE 2 Ee EE eg 
— pl 
BeBRE 












i 








Poa 
Ht Sol 








S 
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388 8 





° 
ty 
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id 
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~ 
wm oo 







° 
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8\¢—Input Conductance —mS 
bie —Input Susceptance —mS 












2 Cee” Ce i 








Bre—Reverse Transfer Conductance —mS 
bre—Reverse Transfer Susceptance—mS 
be —Forward Transfer Susceptance—mS 





8fe—Forward Transfer Conductance —mS 













































| 
si crn Cnt ee eeren 
Or 02 0.2 
ic itodector Current—mA i Collector Current—mA es Current —mA 
OUTPUT ADMITTANCE vs. INPUT ADMITTANCE vs. COLLECTOR REVERSE TRANSFER ADMITTANCE 
COLLECTOR CURRENT CURRENT vs, COLLECTOR CURRENT 
} €¢ 
Veg 26.0 V 
g 2 oa 4 HH t}+—4 Ht ek short a 500 : : 
rt Sansiiieemtiii emetic Ee £5 
gg) Ft ice gy 3 
a8 02 PT TTT too mee] 2 iooked EE 
RES : 
6 3 U LI 2a co 
= a —a 8a TT] Stier aeaal é z 
38 og Sarid mail Es 
SHH ee «Gb ES ei 
10.7 MHz 20 
"CMC UNIT =“ CERRIAe 
. UM tne Ha Hit Y 
01 02 05 5 . 
1¢—Collector Current—mA Peake ae He '¢~Collector Current—mA 
FORWARD TRANSFER ADMITTANCE INPUT ADMITTANCE vs. FREQUENCY REVERSE TRANSFER ADMITTANCE 


vs. COLLECTOR CURRENT vs. FREQUENCY 







Vog =6.0 V 
1 =1.0 mA 
input short 






1g=10 mA 


output short 
input. short 


Cc a we 
ue [>= 100 MHz | 
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2SC2786— 


FORWARD TRANSFER ADMITTANCE 
vs. FREQUENCY 


Vp =60V 
\¢=1.0 mA 
output short 








8te—Forward Transfer Conductance —mS 
bs, —Forward Transfer Susceptance —mS 





f ~Frequency —MH2z 


INPUT 
50 Q 


0.01 uF 


OUTPUT ADMITTANCE 
vs. FREQUENCY 


HE AHH 
CNT 3 





oe —Output Susceptance —mS 
lod 
Hl 


Soe — Output Conductance —mS 


a eH 


100MHz Gpe, NF TEST CIRCUIT | 






2602 0.01 uF 


ae 
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+Voc 


0.01 uF 


RFC. 


INEGG ELECTRON DEVICE 


POWER GAIN, NOISE FIGURE 
vs. EMITTER CURRENT 


2111 a 


We f =100 MHz 


EL | TT A Test circuit 
Mc CONT 
lL TAT TTT 

T A 
i oH + 
l SH aes ESI 


ae 
eal 


-0.1 -0.3 -1 -3 + -10 0 
\e—Emitter Current—mA 




















Goe —Power Gain—dB 














OUTPUT 
50 2° 


NF—Noise Figure —dB 


NEC NPN SILICON TRANSISTOR 
ELECTRON DEVICE 2 S Cc 2787 


DESCRIPTION The 2SC2787 is designed for use in AM converter, AM/FM IF 


amplifier and local oscillator of AM/FM tuner. PACKAGE DIMENSIONS 


in millimeters 


: ; 2.0+0.2 
FEATURES = ©@Small output capacitance (Cop = 1.9 pF TYP.) a a anny 


®@ Low noise figure (NF = 2.0 dB TYP. @1.0 MHz) 
























ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C) 

Maximum Temperatures 
Storage Temperature ...........0.00000e —55 to +125 °C 
Junction Temperature ............ 2. +125 °C Maximum 

Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation ............000 cee eee 300 mW 

Maximum Voltages and Currents 
Vcpo Collector to Base Voltage ......... vse aeletastaony-s 50 V 
Vceo Collector to Emitter Voltage.............. 30 V 
Vepo Emitter to Base Voltage ..............05. 5.0 V 
Ig. Collector Current ......... 0.0 eee eens 30 mA 1, Emitter 
Ip Base Current ......... cece cece eens 30 mA ee Bs . scala 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 





SYMBOL CHARACTERISTIC : TEST CONDITIONS 
DC Current Gain Vce=6.0 V, Ic=1.0mA 
Output Capacitance 3 : Vcp=6.0 V, |E=0, f=1.0 MHz 
Noise Figure : . Vce=6.0 V, !e=-1.0 MA, Rg=500 2, 
f=1.0 MHz 
Gain Bandwidth Product VceE=6.0 V, Ile=—-1.0mMA 
Collector to Base Time Constant VceE=6.0 V, Ie=-10 mA, f=31.9 MHz 
Collector Cutoff Current J Vcp=50 V, I_e=0 
Emitter Cutoff Current VeB=5.0 V; Ic=0 
Base to Emitter Voltage ; . VcE=6.0 V, Ic=1.0 mA 





Collector Saturation Voltage v I¢=10 mA, Ip=1.0 mA 


Classification of hre 


Range 40 — 80 60 — 120 90 — 180 


hfe Test Conditions : VcE=6.0 V, Ic=1.0 mA 
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49U4Z1IGl IW & 3ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 













TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE idee tobe a TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 
300 - 1 
Ce le po tf 
foeo ea El 
ria Ca DE hI Fa é 
oe Ge ee es ee ee ‘ = 
; = ded: oe : =i 
a : : a 
f=} 2 
ae ee 3 i 
A & 2 
cae ae ce 
a 
0 25 50 vA) 100 125 0 10 12 14 16. 18 20 . 
Ta—Ambient Temperature—’C Vce—Collector to Emitter Voltage V Vee -Base to Emitter Voltage - V 
OC CURRENT GAIN vs. OC CURRENT GAIN vs, GAIN BANDWIDTH PRODUCT 
COLLECTOR CURRENT COLLECTOR TO EMITTER VOLTAGE vs. EMITTER CURRENT 
Voce 6.0 V 
2 am a 
8 sg 5 ee Siiliimsall 
E : : Pei 
2 8 3 
3 ft ” 5 
oO 
ros 0.2 0.5 10 20 1 2 5 10 20 50 01 02 -05 1 2 5 10 20 50 100 
I¢- Collector Current—mA Vce ~ Collector to Emitter Voltage~V ig~ Emitter Current —mA 
INPUT CAPACITANCE vs. EMITTER TO 
BASE AND COLLECTOR SATURATION BASE VOLTAGE, OUTPUT CAPACITANCE COLLECTOR TO BASE TIME CONSTANT 
VOLTAGE vs. COLLECTOR CURRENT vs, COLLECTOR TO BASE VOLTAGE vs. EMITTER CURRENT 


A pa t= a 
coe [|_| 


VCE (sat) — Collector Saturation Voltage—V 
VBE(sat1—Base Saturation Voltage—V 
Cop~ Output Capacitance —pF 
Cib— Input Capacitance —pF 





“0.10.2 05 1 2 10 20 «50 0.102 05 1 2 5 10 20° 50 
l¢~Coltector Current— mA Vcp—Collector to Base Voltage—V 
Veg—Emitter to Base Voltage-V 





Cccrb'b—Collector to Base Time Constant—ps 


ie—Emitter Current-mA 
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IV EG ELECTRON DEVICE ZOUZIGI 


INPUT ADMITTANCE vs. REVERSE TRANSFER ADMITTANCE FORWARD TRANSFER ADMITTANCE 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT 


THT TT TTF vce=6.0 v 
wi _eeceoee input short 





Byer 100 M 
Sulla 


Aft ——4 
al He 
iil 





Zie—Input Conductance— mS 
bje—Input Susceptance— mS 











ee 
of _] Ht 


Sre~ Reverse Transfer Conductance—mS 
bre— Reverse Transfer Susceptance— mS 
&fe—Forward Transfer Conductance—mS 
bfe—Forward Transfer Susceptance— mS 



































= 








0.5 1 10 20 
\c—Collector Current —mA eer Current —mA I¢- Collector Current —mA 
OUTPUT ADMITTANCE vs. FORWARD TRANSFER ADMITTANCE REVERSE TRANSFER ADMITTANCE 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT 





Vcp=6.0 V 
{TT input short 


pie 











FH Vcg=6.0 V 
Hel 

ait output short 
Dill 





ania 





10.7 MHz 
tt —— 


Zoe— Output Conductance— mS 

boe — Output Susceptance— mS 
&fp— Forward Transfer Conductance— mS 
bfpb—Forward Transfer Susceptance— mS 
&rb— Reverse Transfer Conductance~— mS 
brb— Reverse Transfer Susceptance— mS 






























































Zee 
wis tcl ml aie iticaan mill 
0.0 sail iw ali mail HE LT 
0.102 #05 1 10 20 0.2 sul 2 5 10 20 
te— Collector Current —mA I¢— Collector Current —mA ic- Collector Current—mA 


INPUT ADMITTANCE 
vs. COLLECTOR CURRENT 











Bib—!nput Conductance—mS 
bip—Input Susceptance—mS 


0.5 1 10 20 


i¢— Collector Current mA 
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NEC 


ELECTRON DEVICE 


DESCRIPTION The 2SD1020 is designed for use in output stage of portable RADIO 
and cassette type tape recorder, general purpose applications. 
FEATURES @ High total power dissipation. 
P+ = 350 mW 
@ High hee and low Vee (sat) 
hee (Ic = 100 mA) : 200 TYP. 
Vee (sat) (700 mA) : 0.20 V TYP. 
@ Complementary to the NEC 2SB810 PNP transistor. 


ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C) 
Maximum Temperatures 


Storage Temperature ................-. —55 to + 150°C 

Junction Temperature ............... +150 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 

Total Power Dissipation .......... 0.0 ccc ee eee 350 mW 
Maximum Voltages and Currents 

Vcso Collector to Base Voltage ................. 30 V 

Vceo Collector-to Emitter Voltage .............. 25 V 

Veso Emitter to Base Voltage ...........000 00 5.0 V 

Ic Collector Current ...... 0... cece eee eee 700 mA 

Ip Base Current ......... 0. cece cece eee nee 150 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
CHARACTERISTIC 


DC Current Gain 
DC Current Gain 


Collector to Base Capacitance 


"SYMBOL 


NFE1* 

NFEQ* 

Cob 

fT 

VBE 

VCE(sat)* 

VBE(sat)* 

ICBO 

JEBO 
*Pulsed PW S$ 350 us, duty cycle <2.0 % 


Gain Bandwidth Product 
Base to Emitter Voltage 
Collector Saturation Valtage 
Base Saturation Voltage 
Collector Cutoff Current 
Emitter Cutoff Current 


Classification of hee; 


Rank M J H 
Range 110 — 180 135 — 220 170 — 270 


hFE1 Test Conditions : Vcg =1.0 V, Ic =100 mA 








250 — 400 
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NPN SILICON TRANSISTOR 


2SD1020 


PACKAGE DIMENSIONS 


in millimeters 














1. Emitter 
2. Collector 
3. Base 


TEST CONDITIONS 
VcE=1.0 v, !c=100 mA 
Vce=1.0 V, lc=700 mA 
Vcp=6.0 V, Ie=0, f=1.0 MHz 
VcE=6.0 V, Ic=10 mA 
VcE=6.0 V, Ic=10 mA 
1c=700 mA, |g=70 mA 
I¢=700 mA, |g=70 mA 
Vcp=30 V, Ie=0 
Vep=5.0 V, Ic=0 





ZOVIUZU 


TYPICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


In free air 





— 

















P7—Total Power Dissipation—W 























25 50 75 100 «125150 


Ta—Ambient Temperature —‘C 


175 


DC CURRENT GAIN, 
BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 






























































VcE(sat) —Collector Saturation Voltage --V 


VBE(sat) — Base Saturation Voltage —V 


10 
cit Current 


—mA 


EMITTER TO BASE AND COLLECTOR 
TO BASE CAPACITANCE vs. 
REVERSE VOLTAGE 


8 
| 
! 































































































Cjp —Emitter to Base Capacitance — pF 
Cop —Collector to Base Capacitance —pF 


0.1 


02 #05 1 2 5 10 20 


Vep—Emitter to Base Voltage —V 
Vop—Collector to Base Voltage —V 








hee —DC Curr 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 




















{¢—Collector Current —mA 











Vcog¢ —Collector to Emitter Voltage—V 


COLLECTOR TO EMITTER VOLTAGE 
vs. BASE CURRENT 


CUT UTN t 
CUTOUT 
Ne Ae Hl 
EAN 
AUT Sari | 


10 20 50 100 
(ese Current —mA 


0.8 






1¢ =100-mA 






























VcE—Collector to Emitter Voltage —V 
fy —Gain Bandwidth Product —MHz 
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IN EUG ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 





Pulsed 






























































c—Collector Current —mA 




































































0.5 0.6 0.7 0.8 0.9 1.0 
Vee —Base to Emitter Voltage —V 


ll 


GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 


1000 










































































— 100 


-50 


|p —Emitter Current —mA 





NEC NPN SILICON TRANSISTOR 


ELECTRON DEVICE 


DESCRIPTION 
frequency amplifiers. 


FEATURES @ High total power dissipation: 
350 mW at 25 °C Ambient Temperature. 


®@ Complementary to the NEC 2SB811 PNP transistor. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


2$SD1021 


The 2SD1021 is designed for use in driver and output stages of audio 


PACKAGE DIMENSIONS 
in millimeters 
2.0+0.2 
6° 6° 




















Storage Temperature ..............0008 —55 to + 150 °C 
Junction Temperature ............... +150 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation ............. 00 cee eens 350 mW 
Thermal Resistance (Junction to Ambient) ...... 429 °C/W 
Maximum Voltages and Currents (Ta = 25 °C) 
Vcpo Collector to Base Voltage ............0000: 30 V 
Vceo Collector to Emitter Voltage .............. 25 V ie 
Vesgo Emitter to Base Voltage ..............008. 5.0 V ' ; 1, Emitter 
3 3 2. Collector 
le Collector Current ......... ccc c cece eee eee 1.0A 3. Base 
Ip Base Current .... 2... cece ee eee teens O1A 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
SYMBOL CHARACTERISTIC 


DC Current Gain 
DC Current Gain 
Gain Bandwidth Product 


Collector to Base Capacitance 


IcBO Collector Cutoff Current 
lEBO Emitter Cutoff Current 
VBE Base to Emitter Voltage 
VCE(sat) Collector Saturation Voltage 
VBE(sat) Base Saturation Voltage 


Classification of heey 


oa, xe 
110 — 180 170 — 270 


hfe, Test Conditions : VcE=1.0 V, Ic=0.1 A 


























0 10 


30 | 


TEST CONDITIONS 
VcE=1.0 V, [c=0.1 A 
Vce=1.0 V, Ic=1.0 A 
VceE=6.0 V, Ic=10 mA 
VCB=6.0 V, IE=0, f=1.0 MHz 
Vcp=30 V, te=0 
Vep=5.0 V, Ic=0 
VcE=6.0 V, Ic=10 mA 
Ic=1.0 A, Ig=0.1 A 
Ic=1.0 A, 1g=0.1 A 





25D1021 NEG ELtectron Device 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 










































































































































































































































































TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR SATURATION VOLTAGE 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE vs. COLLECTOR CURRENT 
1.0 Fe 10 
iF c=l0l, 
= a0 5 Pulsed 
- | is 
§ 08 = = 5 4 
z ol : 
ia aia s 
[a S Ig = 0.5 
: a 5 
2 S | ~ 02 
a 04 s S Ty 
3 : oe ae 3 os 
° oO = 
bits i ° 0.05 
pe ° 2 | i 
Oe x 0.02 7 
% 0.01 
0 50 100 150 200 250 > 1m 2m 5m 10m 20m50m100m §00m1 2 5 10 
Ta—Ambient Temperature — °C Veg —Collector to Emitter Voltage —V I¢—Collector Current —A 
BASE SATURATION VOLTAGE COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
vs. COLLECTOR CURRENT BASE TO EMITTER VOLTAGE COLLECTOR CURRENT 
10 == = . 











H c=1l0+lp 
Pulsed 
































































































hee —DC Current Gain 









ice oa 
elie 
































VBE(sat) Base Saturation Voltage —V 























































































































!¢—Collector Current —mA 












Im2m 5m10m20m50m100m 500m 1 2 5 10 eros Im2m 5m10m20m50m 100m 500m1 2 5 10 
Re Sa | 
lo—Collector Current—A 5 ar | c~ Collector Current —A 
PP 
| | {| 


y | 


aval 
0.4 05 O06 O7 O8 09 1.0 


Vpp—Base to Emitter Voltage —-V 





COLLECTOR TO BASE CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


GAIN BANOWIDTH PRODUCT vs. 
EMITTER CURRENT 



















































































fr—Gain Bandwidth Product —MHz 





















































































































































Cob —Collector to Base Capacitance — pF 





-1 -2 —-5 -10-20 -—50—100—200~—500- 1000 0102 #05 1 2 5 10 20 50 100 


le—Emitter Current —mA Vog—Collector to Base Voltage—V 
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NEC N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTOR 


ELECTRON DEVICE 2SK1 93 


DESCRIPTION The 2SK193 is designed for use in FM tuner of a potable radio 
receiver. PACKAGE DIMENSIONS 


in millimeters 























FEATURES @ High V5.1 : 3.5 mS TYP. sae Peay 
Vesly (Vps = 5.0 V, Ip =0.5 mA, f=1.0 kHz) N 
Oo 
@ Low Cig, : 0.07 pF TYP. 6° Pa 
C.s5 (Vps = 5.0 V, Veg = 0) . 
ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 
Maximum Temperatures 
Storage Temperature ............ —55 to +125 °C 
Junction Temperature .......... +125 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 
Total Power Dissipation.............. 250 mW 
Maximum Voltages and Currents (Ta=25 °C) 
Vepo = Gate to Drain Voltage ......... -20 V 
Veso Gate to Source Voltage ........ -1.0 V 1. Gate 
Vpsx* Drain to Source Voltage........ 20 ~2V Ease 
Ip Drain Current............... 10 mA 
Ig Gate Current ............... 10 mA 
* Vgg=-2.5 V 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
Ipss Zero-Gate Voltage Drain Current 0.5 2.5 8.0 mA Vps=5.0 V, Vgg =0 
Yl, Forward Transfer Admittance 2.3 3.5 - mS Vps=5.0 V, Ip =0.5 mA, f= 1.0 kHz 
esl Forward Transfer Admittance 2.3 8.5 mS Vos =5.0 V, Veg =0, f= 1.0 kHz 
Cisg Input Capacitance 5.0 6.5 pF Vps = 5.0 V, Vgsg=0, f= 1.0 MHz 
Crss Feedback Capacitance 0.07 0.25 pF Vps=5.0 V, Vgs=0, f= 1.0 MHz 
Coss Output Capacitance 4.5 6.0 pF Vps=5.0 V, Vgs=0, f= 1.0 MHz 
: Vps= 5.0 V, Vgg=09, Zin, Zout =50 & 
P 
Gps pwer-Sale is 24 ue f= 100 MHz, See test circuit 
; ; Vps = 5.0 V, Vgs=O, Zin, Zout = 50 2 
NF N F ul : 
Sere a a0 en ae f= 100 MHz, See test circuit 
IGss Gate Cutoff Current —100 nA Ves=—-0.5 V, Vps=0 
VGS(off) Gate to Source Cutoff Voltage —2.5 Vv Vos=5.0 V, Ip=10 uA 


Classification of Ipss 


ps seni eS eee a ee 
IpssimA) 0.5—1.0 0.75—1.5 1.0—2.0 1.5—3.0 2.0—4.0 3.0 —6.0 


lpss Test Conditions: Vpg=5.0 V, Vgg=0 
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ZOKT9US ING ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


GATE TO SOURCE CUTOFF 


























































































































































































































TOTAL POWER DISSIPATION DRAIN CURRENT vs. VOLTAGE vs. ZERO-GATE VOLTAGE 
vs. AMBIENT TEMPERATURE GATE TO SOURCE VOLTAGE >DRAIN CURRENT 

300 | -10 
z s 
® 250 s S -5.0 
5 Ls 
® 200 5 3 -2.0 
2 =. 8 

150 4 5 —1.0 
S c 3 : 
3 ee 
a 100 a £ -0.5 
s | 2 
3 P 8 
2 
; 50 | -0.2 
cS 
a 2 ; 

A —0. 
0) 25 50 75 100 125 150 -1.2 -1.0 -0.8 —0.6 —0.4 -0.2 0 L 0.102 O05 10 20 5.0 10 
Ta~— Ambient Temperature —°C Vgg—Gate to Source Voltage—V lpss—Zero-Gate Voltage Drain Current— mA 
FORWARD TRANSFER ADMITTANCE FEEDBACK CAPACITANCE vs. 
vs. DRAIN CURRENT DRAIN TO SOURCE VOLTAGE 














Ves =0 
f=1.0 MHz 




























































































Crgg— Feedback Capacitance— pF 



























































l¥¢s| — Forward Transfer Admittance— mS 





: 01 
0.1 0.2 0.5 1.0 2.0 5.0 10 0.1 0.2 0.5 1.0 2.0 
Ip— Drain Current— mA Vps—Drain to Source Voltage 


| on 
<o 
- 
oO 





NOISE FIGURE and POWER GAIN 
TEST CIRCUIT (f= 100 MHz) 


3p OUT 
50 2 





Ves Vpp = 5.9 V 
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Diodes _ 





Varactors, Mixer, Schottky and Switching 


NEC 


SILICON SWITCHING DIODES 


ELECTRON DEVICE 
1$953,18954,1S955 
HIGH SPEED SWITCHING 
SILICON EPITAXIAL DIODES 
DESCRIPTION 


The 18953, 18954 and 18955 are silicon epitaxial diodes designed for high speed switching applications. 


FEATURES 
id asda DIMENSIONS @ Miniature Package 
in millimeters (inches) “ 
@ High Power Dissipation 
@ Low Capacitance 
zs @ Fast Recovery Time 
aS @ Low Leakage 
@ High Conductance 
x6 
2 = ABSOLUTE MAXIMUM RATINGS 
ro) ~f 











ze Cathode Mark Maximum Voltages and Currents (T, = 25°C) 
=o ae 2 . 
3 Peak Reverse Voltage Vem 
Reverse Voltage VR 
1S$953 ; Green 
18954 : Green & Yellow Peak Forward Surge Current (1us) Ie (surge) 
18955 : Green & Green Peak Forward Current lem 
Average Rectified Current lo 
EIAJ :SC-40 Maximum Power Dissipation (Tg = 25°C) _ 
JEDEC : DO-35 Power Dissipation P 500 mw 
Maximum Temperatures 
Junction Temperature Tj 200 °C 
Storage Temperature Tstg -65 to +200 °C 


ELECTRICAL CHARACTERISTICS (Tg = 25°C) 


CHARACTERISTIC | SYMBOL MIN 


18953 
TYP. 


18954 








MAX. | MIN. | TYP. | MAX. 


TEST CONDITIONS 





0.8 


1.0 





Forward Voltage 





fp = 30MA 





0.9 1.0 





lp = 100mA 








Ip = 150mA 











Reverse Current 














Terminal Capacitance 


Vp =30V 





VR =50V 





VrR=75V 





Vp =0, f= 1.0MHz 





Reverse Recovery Time 

















iT =10 mA, 
Vr = 6.0V,: 
R= 1002 

















19905, 19904, 19I99 


TYPICAL CHARACTERISTICS (Tg = 25°C) 


18953 


le-Forward Current-mA 


{e-Forward Current-mA 


FORWARD CURRENT 
vs. FORWARD VOLTAGE 











0.01.-__Vv | 


QO 02 04 06 0.8 1.0 1.2 
Ve-Forward Voltage-V 


FORWARD CURRENT 
vs. FORWARD VOLTAGE 




















(0) 0.2 =#0.4 O.6 0.8 = #1.0 1.2 
Ve-Forward Voltage-V 


Ip-Reverse Current-uA 


lp-Reverse Current-uA 


IVE ELECTRON DEVICF 


REVERSE CURRENT 
vs. REVERSE VOLTAGE 











0 10 20 30 40 50 60 70 


Vp-Reverse Voltage-V 


REVERSE CURRENT 
vs. REVERSE VOLTAGE 























fe) 10 20 30 40 50 60 70 
Va-Reverse Voltage-V 


Ie-Forward Current-mA 


FORWARD CURRENT 
vs. FORWARD VOLTAGE 


























0 0.2 «0.4 0.6 0.8 1.0 1.2 
Ve-Forward Voltage-V 


Ip-Reverse Current-uA 


REVERSE CURRENT 
vs. REVERSE VOLTAGE 


























0 10 20 30 40 50 60 7 


Vp-Reverse Voltage-V 


EWI & ELECTRON DEVICE 19953, 18954, 19955 



















































































FORWARD VOLTAGE TEMPERATURE TERMINAL CAPACITANCE 
COEFFICIENT vs. FORWARD CURRENT vs. REVERSE VOLTAGE 

2 30 

> 

: 

e 

oO 

g i 4, 

by amg oO 

o 

8 20 2 

° 3 

5 & 

et el 

ss oO 

a pan 

S : 

- 1.0 E 

[2] o 

2 a 

sS oO 

> 

: i 

© 

= 20 0 

& 0.10.2 061 2 6 10 20 60100 1 2 4 6 810 20 30 

(ta 

Z Ip-Forward Current-mA Vpa-Reverse Voltage-V 


REVERSE RECOVERY TIME 
vs. FORWARD CURRENT 





t,-Reverse Recovery Time-ns 























0 20 40 60 80 


lp-Forward Current-mA 





ty, REVERSE RECOVERY TIME TEST CIRCUIT 


0.02uF 
Pulse Generator 
Z our = 50Q 


(0) to Sampling Scope 


Zn=50Q 1 Ym 
Vel 
0 cc 0 
Ve 
oa 





Test Conditions : lp = 10 mA, Vp =6.0V, Ry = 1002 


NEC VARACTOR DIODE 


aaa _ 1$2207(B) 


DESCRIPTION The 182207(B) is a hyper-abrupt junction type voltage- 


: : ? PACKAGE DIMENSIONS 
variable capacitance diode. 


in millimeters (inches) 
It is designed for electronic tuning circuit applications in 


VHF and UHF bands and features high Q, high capaci- [marae 


Jal 






tance ratio and high reliability. 


Orange 


FEATURES @ High Q. 


® High capacitance ratio. 


125 


@ Low leakage current. 


Anode Color Code Cathode 








ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 


0.75 
Peak Reverse Voltage Vrmw 27 V 1.2 MAX 
DC Reverse Voltage Ve 25 V 25 
Storage Temperature Tstg -55 to +125 = °C 


2.4 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 





SYMBOL CHARAC c ye Renee 
B A TERISTI MIN. TYP’ MAX. MIN. TYP. MA TEST CONDITIONS 
VR Reverse Voltage 25 : 25 Vv IR=1.0 pA 
Cra 11.0 17.0 VR=2.0 V, f=1.0 MHz 
Cc 9.50 14.0 Vr =3.0 V, f=1.0 MH 
t3 Terminal Capacitance pF R ‘ 
Ces 5.75 9.75 VR=6.0 V, f= 1.0 MHz 
Cr10 3.8 6.4 3.80 6.40 VR=10 V, f=1.0 MHz 
N1 : ; C. 
Capacitance Ratio ee 10 t2/Cr10 
N2 2.20 2.60 C+3/Cr10 
rs Seriese Resistance 0.6 0.6 2 Cy =9.0 pF, f= 50 MHz 








Cig Classification 


CyglpF) | 7.75-9.75 6.50 — 8.75 5.75 — 7.50 


Cig Test Condition: VR =6.0 V, f= 1.0 MHz 





13aZzzZus(D) NEC tiectron pevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TERMINAL CAPACITANCE vs. FIGURE OF MERIT vs. 
REVERSE VOLTAGE FREQUENCY 












































Q-—Figure of Merit 











Ct— Terminal Capacitance — pF 





































































































0.2 0.5 1 2 5 10 20 
Vr—Reverse Voltage—V f~ Frequency — MHz 
ee FREQUENCY VARIATION vs. 
AFC Test Circuit AFC VOLTAGE 





@*=470 MHz 
Of=890 MHz 




















Af—Frequency Variation —MHz 








Tr : 2SC288A(5+B) (or 2$C1730) 
Tuning Diode : 1$2208(B) 



































VaFC AFC Voltage —V 


NEC 


ESVAC® 


VARACTOR DIODES 
ELECTRON DEVICE 1S2208(B),1S2209(B) 


UHF/VHF TUNER 
SILICON EPITAXIAL DIODES 


The 1$2208(B) and 1$2209(B) are a hyper-abrupt junction 


PACKAGE DIMENSIONS 


in millimeters (inches) 


type voltage-variable capacitance diodes. 


The 1$2208(B) and 1S2209(B) are designed for electronic 


Cathode Mark 


g 
S 
S 
wo 
~ 
ro) 


1.2MAX. 
(0.047MAX.) 










25 L 40 i Ls 
(0,098) (0.157) ia 


(0.492) 








ia | ee cued AUC 


Cathode Mark 


FEATURES 


@ Low series resistance. 0.350 TYP. 


@ High capacitance ratio. 


@ Low leakage current. 
® High reliability. 


tuning circuit application in UHF and VHF. 


ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 


Peak Reverse Voltage 


DC Reverse Voltage 


Storage Temperature 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


1S$2208(B) 
CHARACTERISTIC | SYMBOL 


1$2209(B) 








TYP. 


Vru 
VR 


30 V 
30 Vv 


Tstg -55to+125 °C 


TEST CONDITIONS 





Reverse Voltage 


UNIT 
MAX. 


Vv 


IR =1.0uA 





Capacitance 


12.90 
oa lade 


pF 


VR=3.0V, f=1.0MHz 








Capacitance Ratio 


aie deme pF 


VR =25V, f= 1.0MHz 








C13 / Ce25 











Series Resistance 








NOTE : Diodes are available in matched sets of 20, 60, 120, 120xn units. 
For two diodes of one set the following conditions are relevant : 





The variations AC in capacitance values at VR =3, 10, 18 and 25V are 


less than 2% for 1$2208(B), 3% for 1$2209(B). 


S Cmax. — Cmin. 


ae Cmin. 


x 100 (%) 


0.6 


2 








C=9.0pF, f = 50MHz 


1LOZZVUOl[D), 1LOZZUI(D) NEC etectron oevice 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


TERMINAL CAPACITANCE vs. REVERSE VOLTAGE 
























































Ct—Terminal Capacitance —pF 






































Vr —Reverse Voltage —V 


FIGURE OF MERIT vs. FREQUENCY 









































7 TT 
/| 


Wl 
a 


Q—Figure of Merit 















































|| 
TTA 
ae 


f —Frequency —MHz 


NEC SILICON SWITCHING DIODE 


ELECTRON DEVICE 1S2Z2222 


UHF/VHF ELECTRONIC TUNER & VHF LOW, HIGH CH. SWITCH 
SILICON EPITAXIAL DIODE 


The 1$2222 is designed for electronic tuning circuit appli- 
PACKAGE DIMENSIONS cations in UHF/VHF bands switch and VHF (Low CH., High 


in millimeters (inches) 


CH.) bands switch. 


FEATURES 


@ Low series resistance. 





@ Low terminal capacitance. 
@ High reliability. 








Cathode Mark 


ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 


Reverse Voltage VR 35 V 

Average Rectified Current lo 100 mA 
Power Dissipation Pp 250 mW 
Storage Temperature Tstg -65 to +150 °C 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


CHARACTERISTIC t ; . : TEST CONDITIONS 


Forward Voltage . I- = 100mA 








Reverse Voltage IR = 1.0nA 





4. 
Reverse Current : 50 nA VR = 30V 
Q 


Series Resistance } 06 | 1.0 IF = 10mA, f = 100MHz 
Terminal Capacitance | 08 | 1.0 pF VR = 15V, f = 1.0MHz 

















190ZZ22z NEC ELectron o€vice 


TYPICAL CHARACTERISTICS (Ta=25°C) 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 








































































































































































































REVERSE CURRENT vs. SERIES RESISTANCE vs. 
REVERSE VOLTAGE FORWARD CURRENT 
= 1000 
50F 500 
20- 200 
€ (10b = 100 ‘i 
| | © 
< < g 
£  5r £ 50 g 
3 3 3 
o no) 
w 4 Wn 
= 2 § 20 2 
d 3S ® 
Tak a ? 
= ‘E u 10 2 
ost 5 
0.2- 2 
L ; 
at 0 0.2 0.4 0.6 0.8 1 1 2 5 10 20 50 100 
VF —Forward Voltage —V IF —Forward Current —mA 
5 10 15 20 25 30 


VR —Reverse Voltage —V 


TERMINAL CAPACITANCE vs. REVERSE VOLTAGE 





















































Ct —Terminal Capacitance — pF 







































































VR—-Reverse Voltage —V 


NEC 


ELECTRON DEVICE 


NF —Noise Figure -dB 


1SS1 


SILICON EPITAXIAL SCHOTTKY BARRIER DIODE 


UHF MIXER 
“SILICON ESBAR” 


@ Low Capacitance. 
PACKAGE DIMENSIONS 


ma (Unit : mm) 
= 


$2.7 1MAX 


®@ High Conductance. 
@ Low Noise. 


35MIN 





Cathode Mark 


7.6MAX. 


@ High Immunity of Surge Current. 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


UHF DETECTOR & MIXER DIODE 


6 








Peak Reverse Voltage Vem 5.0 Vv 
2 Average Rectified Current lo 30 mA 
$s 
8 Storage Temperature Tstg ~65 to +100 °c 





[pen 
tt 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 
CHARACTERISTIC 


Forward Current 





SYMBOL 





TEST CONDITIONS 















Reverse Current 








Capacitance 





VR =0.2V, f =1.0MHz 








Noise Figure 




















Reverse Burn Out 








ae 
may pleas | eee 














Ct — Capacitance — pF 























Vpe—Reverse Voltage—V 


lo —Average Rectified Current—mA 


10 





lg — Reverse Current—yuA 


floc =855MHz, fif = 45MHz 
Nif =3.7dB, Io =2.0mA 














tN 
ts} 
le —Forward Current—mA 











0 02 04 06 0.8 
Ve —Forward Voltage —V 


0 1 2 3 4 
Vpa—Reverse Voltage —V 





1.0 


153516 


NF TEST CIRCUIT 


NEC ecectaon oevice 






























i Matching Directional Crystal Matching 
loise 
Sourse Pad Coupler Mount Pad 


Local 
Oscillator O 
f==855MHz 7 


VTVM 





45MHz 

ip Amplifier 
DC Current 
Meter 






Attenuator 
(3dB) 


| 


TYPICAL APPLICATION for UHF TV TUNER 


lo— Average Rectified Current—mA 


500 


600 


RF IN 
3002 lp OUT +11V 
0 0 O 





28C1730 
680Q 


RAAAAAASSAAAASS AAS 


ANASASAS ASS ASS SAY 





10 
fea) 
uv 
1 9 
oe 
ira 
g 8 
3 
7 
re 
= 7 
6 
* 700 800 900 500 600 700 800 900 
Frequency— MHz Frequency—MHz 
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NEC | SILICON — 


ELECTRON DEVICE . or . 
1$$53,15$54,1SS55 
GENERAL PURPOSE 
SILICON EPITAXIAL PLANAR DIODES 
DESCRIPTION 


The 1SS53, 1SS54, and 1SS55 are silicon epitaxial planar diodes designed for general purpose applications. 







FEATURES 
PACKAGE DIMENSIONS _ 
in millimeters (inches) ®@ Miniature package 
@ High power dissipation 
®@ Low leakage . 
® Low price . 






( 60.08MAX.) 


SS 
#1. 98MAX 


25MIN. 
(0.98MIN.) 


ABSOLUTE MAXIMUM RATINGS 








ox a 18853 18854 1SS55 
x 4% cae 
2s 2% Maximum Voltages and Currents (T, = 25°C) 
6 t+. : : ; os 
oe S Peak Reverse Voltage — Vem 35 75 100 7 
a Reverse Voltage — on Vr 30 50 75 Vv 
: 
=3 aie Ua Peak Forward Surge Current (14s) 1 (surge) 2000 mA 
ne ; Peak Forward Current lem 300 mA 
7 1SS53 : White Average Rectified Current lo 100 mA 
18854 : Blue fA ee 
1SS55 : Red Maximum Power Dissipation (T3 = 25°C) 
Power Dissipation P 500 mw 
EIAJ =: SC-40 Maximum Temperatures 
JEDEC : DO-35 ; leas 
Junction Temperature Tj 200 °C 
Storage Temperature Tstg -65 to +200 °C 


ELECTRICAL CHARACTERISTICS (Tg = 25°C) 


CHARACTERISTIC | SYMBOL 





TEST CONDITIONS 








Forward Voitage 





Reverse Current 








Terminal Capacitance 








Reverse Recovery Time 
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18S53,1SS54,1SS55 NEC ctectron vevice 


TYPICAL CHARACTERISTICS (Tg = 25°C) 





















































































































































FORWARD CURRENT vs. FORWARD VOLTAGE REVERSE CURRENT vs. REVERSE VOLTAGE 

(1SS55) 
1000 100 
500 50 
200 20 
< 100 < 10 
; 50 | 5 
= 20 & 2 
£10 5 1 
Ss 5 ‘« 0.5 

no] 

5s 2 5 02 
Fa 1 & 0.1 
oe 05 ; 0.0 
4 02 = 0.02 
0.1 0.01 
0.05 0.005 
0.02 0.002 
0.01 0.001 

0 0.2 0.4 0.6 0.8 1.0 0 20 40 60 80 100 

V;—Forward Voltage—V Va—Reverse Voltage—V 
TERMINAL CAPACITANCE REVERSE RECOVERY TIME 
vs. REVERSE VOLTAGE vs. FORWARD CURRENT 


f= 1.0MHz 








C,—Terminal Capacitance— pF 





























t,, —Reverse Recovery Time—ns 





























. Ve Reverse Voltage—V ; seg 0 20 40 60 80 


Ip ~ Forward Current—mA 





try REVERSE RECOVERY TIME TEST CIRCUIT 


0.02uF 






Putse Generator 
Zour = 502 


©) to Sarnpling Scope 
Zn =.50Q 








ANODE 
BIAS 
SUPPLY 












Test Conditions : lp = 10 mA, VR =6.0V, Ry, =1002 
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MIXER DIODE 


1$S97 


NEC 


ELECTRON DEVICE 


| UHF MIXER 
SILICON EPITAXIAL SCHOTTKY BARRIER DIODE 


DESCRIPTION AND APPLICATIONS FEATURES 


The 1SS97 is silicon epitaxial schottky barrier diode, espe- 
cially designed for mixing, switching, log or A-D converting, 
frequency discriminating sampling and wave shaping. 


PACKAGE DIMENSIONS 


in millimeters 


JEDEC : DO-35 


tote —f 


$0.4 






¢@ 1.9 MAX. 


cate 


Color Code (from cathode) 
Green, Biue 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
















Delta Capacitance * 


Note * : Difference of VF, Cx. 


faa 


[ tye, | max. | 

ieee (ieee ever eter: 
eee eT ee a ee 
es ee a ee ea 
eels eek a ee ee 
ee oe ee 


®@ Small size glass package. (DO-35 TYPE) 

@ High breakdown voltage: Va = 10 V MIN. at lp =10 uA 
®@ Bach matched. 

®@ Low cost. 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 


Reverse Voltage Vr 10 Vv 
Forward Current If 35 mA 
DC Power Dissipation Py 150 mw 
Junction Temperature —-T; +175 °C 
Storage Temperature Tstg  -65 to +175 °c 
Reverse Burnout * By 2.0 erg 


Note * : Capacitor charge method C(charge) = 25 pF 







UNIT TEST CONDITIONS 
IR =10 vA 


I¢ =10 mA 
Vr =0, f=1.0 MHz 


VR =O, f=1.0 MHz 
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NEC azcrron vevice 


183897 


=25 °C) 


TYPICAL CHARACTERISTICS (Ta 


REVERSE CURRENT vs. 
REVERSE VOLTAGE 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 
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VR+ dq—Reverse Voltage —V 
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NEC MIXER DIODE 


ELECTRON DEVICE 1 S S 9 8 


UHF DETECTOR, MIXER 
SILICON EPITAXIAL SCHOTTKY BARRIER DIODE 


DESCRIPTION AND APPLICATIONS FEATURES 

The 1SS98 is silicon epitaxial schottky barrier diode, espe- © Smal! size glass package. (DO-35 TYPE) 

cially designed for mixing, log or A-D converting, video de- ® Midle turn-on voltage. Ve =0.34 V MAX. at lp =1 mA 
tecting, frequency discriminating, sampling and wave shap- © Low cost. 

ing. 


PACKAGE DIMENSIONS 


in millimeters 


jewerc Hone ABSOLUTE MAXIMUM RATINGS (Ta=25 C) 





Reverse Voltage Vr 5.0 Vv 
tose —f] 2 Forward Current IF 50 mA 
- DC Power Dissipation Py 150 mw 
oon i Junction Temperature T; +175 6 
Es Storage Temperature Tstg  -65 to +175 7c 
1 Reverse Burnout * By 2.0 erg 
is zZ Note * : Capacitor charge method C(charge) = 25 pF 


Cathode 


Color Code (from cathode) 
Orange, Blue 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL : : ; TEST CONDITIONS 
Reverse Voitage A IR = 100 uA 








Reverse Current VR =1.0V 
Forward Voltage IF =1.0mMA 





Forward Voltage I IF = 10MmMA 











Capacitance . VR = 0, f = 1.0 MHz 
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155996 


INNEEG aictnon pevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


Ip —Forward Current—mA 


C; — Capacitance — pF 








FORWARD CURRENT vs, REVERSE CURRENT vs. 
FORWARD VOLTAGE REVERSE VOLTAGE 








==ca> 2 
Baa, an 
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Ph . 
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A 2 
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Ze Z 
pat | 
t—+-—} = 
[I 
= 
0 0.2 0.4 06 08 1.0 12014 
Vp —Forward Voltage—V VR—Reverse Voitage—V 


CAPACITANCE vs. 
REVERSE VOLTAGE 











VR—Reverse Voltage—V 
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NEC DETECTOR & MIXER DIODE 


ELECTRON DEVICE 1 SS99 


UHF DETECTOR & MIXER 
SILICON EPITAXIAL SCHOTTKY BARRIER DIODE 


DESCRIPTION AND APPLICATIONS FEATURES 

The 18899 is silicon epitaxial schottky barrier diode, espe- @ Small size glass package. (DO-35 TYPE) 

cially designed for mixing, log or A-D converting, video de- @ Low noise figure. 

tecting, frequency discriminating, sampling and wave shap- @ Low turn-on voltage. Ve =0.23 V MAX. at lp =1 mA 

ing. © Low capacitance. C,=0.9 pF MAX. at 1 MHz, Vp =0.2 V 
@ Low cost. 


PACKAGE DIMENSIONS 


in millimeters 





2 


JEDEC : 00-35 ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 

aa | Peak Reverse Voltage Vam 5.0 Vv 

Anode z 
= Forward Current Ig 30 mA 

w 
$04 _ DC Power Dissipation Py 150 mW 
2 Junction Temperature Tj +175 “€ 
© Storage Temperature Tstg -65 to +175 “Cc 
$1.9 MAX. 3 Reverse Burnout * Bo 2.0 erg 

| a Note * : Capacitor charge method C(charge) = 25 pF 
Cathode: 


Color Code (from cathode) 
Black, Blue 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


[—hanacrenisric | svwBoc_| win | We [WAX [UNIT | TESTOONDITIONS | 
Reverse Current IR 25 uA VR = 0.5V 

[Fors curene | | || (Mov 

[esciaree | | TY CVn te | 
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NEG stctron pevice 


25 °C) 


TYPICAL CHARACTERISTICS (Ta 


Toogy 











TON 
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Reverse Voltage 
REVERSE VOLTAGE 


CAPACITANCE vs. 


VR- 
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FORWARD CURRENT vs, 
FORWARD VOLTAGE 
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VR —Reverse Voltage 
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Ve —Forward Voltage—V 


NEC MIXER DIODE 
eons 1$$S101 


UHF MIXER, SWITCHING 
SILICON EPITAXIAL SCHOTTKY BARRIER DIODE 


DESCRIPTION AND APPLICATIONS FEATURES 

The 18S101 is silicon epitaxial schottky barrier diode, espe- @ Small size glass package. (DO-35 TYPE) 

cially designed for mixing, switching, log or A-D converting, ®@ High breakdown voitage. VR =70 V MIN. at Ip =10 pA 
frequency discriminating, sampling and wave shaping. @ High turn-on voltage. Vr =0.41 V MAX. at Ip =1 mA 


@ Low cost. 


PACKAGE DIMENSIONS 


in millimeters 


JEDEC : DO-35 . 
ABSOLUTE MAXIMUM RATINGS (Ta=25 C) 


Koad —| Reverse Voltage Vr 70 Vv 
= Forward Current lf 15 mA 
604 pies | DC Power Dissipation Py 150 mW 
2 Junction Temperature Tj +175 “C 
sl Storage Temperature Tstg  -65 to +175 2c 
$1.9 MAX. = Reverse Burnout * Bo 2.0 erg 
Cathode Note * : Capacitor charge method C(charge) = 25 pF 





ned 


Cotor Code (from cathode) 
Red, Blue 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL MIN, 











Reverse Voltage 


Forward Voltage .! IF =1.0MA 








Forward Current Ve = 1.0V 























Capacitance A VR = 0, f = 1.0MHz 
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IN EGG aGectnon oevice 


tvVVvivi 


25 °C) 


TYPICAL CHARACTERISTICS (Ta 


REVERSE CURRENT vs. 
REVERSE VOLTAGE 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 


102 pee 





TOTO. 
ENE 
SEEM 











VR—Reverse Voltage—V 
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Ve —Forward Voltage —V 
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CAPACITANCE vs. 
REVERSE VOLTAGE 





f=1.0 MHz 














VR ~Reverse Voltage—V 
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NEC 


ELECTRON DEVICE 


SILICON SWITCHING DIODE 


1$$103 


UHF/VHF Electronic Tuner & VHF Low, High Ch. Switch 
SILICON EPITAXIAL PLANAR DIODE 


in millimeters (inches) 


x 
xt 
= 
& 
3 
2 


PACKAGE DIMENSIONS 





(0.492) 


0.25MAX. (0.01MAX.) 


P 


CATHODE MARK 


ELECTRICAL CHARACTERISTICS (Ta =25°C) 


CHARACTERISTIC 





FEATURES 


@ Low series resistance rg. 


@ Low leakage current. 
In = 50nA at V_ =30V 


@ High reliability. 


ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 


Reverse Voltage VR 35 V 
Average Rectified Current I, 100 mA 
Power Dissipation Pp 150 mW 


Storage Temperature Tstg -65 to +150 °c 


TEST CONDITIONS 





Forward Voltage 


Ie = 100mA 





Reverse Voltage 





Reverse Current 





Series Resistance 
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In =1.0 pA 
Vr =30V 





lp =2.0mA, f= 100MHz 











Vp =15V, £=1.0MHz 





Imwd IVS NEC ELECTRON DEVicE 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


FORWARD CURRENT vs. 


FORWARD VOLTAGE SERIES RESISTANCE vs. 


REVERSE CURRENT vs. FORWARD CURRENT 
REVERSE VOLTAGE 
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ae ee Ceara ot 
aaa ee HEH 
<6 eeaiee s il 
ul 
<= 10 ees ¢ 
= r [+ — 3 
eat ¢ ae an : 
e 7; § aie a i 
3 : ees eee 2 p++ tt 
g of BP ae) ee 8 Po 
o $ 3 Pt 
2 o Reverse Current : rE TTT 
| 1 OE | Seer S wn 
= : == He aaa! 
0.5 [~ ull 
rn a 
a (aaa 
- | ft nT 
< zie 
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Ve—Forward Voltage—V lr —Forward Current—mA 
te yn 
5 10 15 20 25 30 


Vp —Reverse Voltage—V 


TERMINAL CAPACITANCE vs. REVERSE VOLTAGE 
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Va—Reverse Voltage—V 


23 


NEC | PIN DIODE 


ELECTRON DEVICE 1 SV 3 4 
VHF/UHF RF ATTENUATIG AND SWITCHING 
SILICON PIN DIODE 
FEATURES DESCRIPTION AND APPLICATIONS 


e Low cost. The 1SV34 silicon PIN diode, especially designed for 
~ VHF/UHF band switching, attenuating. 

The RF resistance of a PIN diode is a function of the 

current flowing in the diode. The current controlled 


¢ Low series resistance. resistars are specified for use in contro! applications such as 
Rs=8 2 TYP. @IF=10mA, f=100MHz ATT, AGC, and RF modulators. 


e Large dynamic range. 
Typical resistance swing 52 to 10k. 


e Lowcapacitance. 
Ct=0.5pF MAX. @ VR=50V, f=1MHz 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) PACKAGE DIMENSIONS (Unit : mm) 


Reverse Voltage VR 100 Vv JEDEC : DO-35 
Forward Current IF 50 mA 
Peak Reverse Voltage VRM 110 V Tr veldalases Decacallae 
Peak Forward Current IFM 150 mA 
DC Power Dissipation Pq 250 mW HOE 
Junction Temperature Tj +175 *C ere PN kab 
Storage Temperature Tstg -—65to+175 °C Cathode 3 s Snote 
Solder Temperature (Note 1) 260 a = 

Note ; Less than 5 seconds, more than 1.5 mm off = 

the lead connection. Color Code (from cathode) 


Orange, Yellow 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) . 


CHARACTERISTIC SYMBOL : . | MAX. UNIT TEST CONDITIONS 
Forward Voltage ; Vv  [F=50mA 


Reverse Current LA VR=100V 











Capacitance ; i pF VR=50V, f=1.0MHz 











Series Resistance i : Qo i-F=10mA, f=100MHz 











Parallel Resistance x _ IF=10uA, f=100MHz 
fe 





Life Time 




















Recovery Time dl Us IF=10mA, | R=16mA* 
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NEC ELECTRON DEVICE 


1SV34 


* MEASUREMENT BLOCK DIAGRAM 


Oscilloscope Wave form 


© 
Q 
Q 
$3} 
a 
2 
5 
7) 
jo) 





Pulse Generator 


c) 


TYPICAL CHARACTERISTICS (Ta=25 


RF RESISTANCE vs. FREQUENCY 


FORWARD CURRENT vs. FORWARD VOLTAGE 
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Ve—Forward Voltage—V 
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1oVSo4 


IVE trectron pevice 


JUNCTION CAPACITANCE vs, REVERSE VOLTAGE 


REVERSE CURRENT vs. REVERSE VOLTAGE 


0.7V, 


f= 1.0MHz, Excluding Cc 
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Vat ég— Reverse Voltage— V 


Vp-— Reverse Voltage— V 


1OOMHz 
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POTENT 
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i 
if — Forward Current— mA 





























RF RESISTANCE vs, FORWARD CURRENT 









































































































































gw—eourisisoy 4Y—Ps 


PLT LTT TT ET TN 

















0.01 


0.001 


26 


NEC 


ELECTRON DEVICE 


DESCRIPTION 


VARACTOR DIODES 


1SV50, 1SV50(1), 1SV50S 


FM/VHF TUNER, AFC 


SILICON EPITAXIAL DIODE 


ESVAC® 


The 1SV50 and 1SV50(1) are a hyper-abrupt junction type voltage-variable capacitance diodes. 
These are designed for electronic tuning circuit applications in FM and VHF bands and features high O, high capacitance 
ratio, and high reliability. 
1SV50S is designed for AFC circuit applications in FM and VHF bands. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


Cathode Mark 





=r 0.25 MAX.(0.01 MAX.) 


(0.157) yo5 







(0.098) 





(0.492) 


Cathode Mark 


18V50, 1SV50(1) 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC 


FEATURES 


@ High O : Excellent O values at FM and VHF frequencies. 


@ High capacitance ratio. 
@ 3 % capacitance tolerance. 
@ Low leakage current. 

Ip $10 nA at Vp =28 V. 


ABSOLUTE MAXIMUM RATINGS (Ta= 25 °C) 


Peak Reverse Voltage 
DC Reverse Voltage 
Storage Temperature 


Power Dissipation 


1SV50(1) 





SYMBOL 


TYP. 


Vru 
VR 
Tstg 
PD 


30 V 
30 V 

—55 to +125 6 
250 mw 





TEST CONDITIONS 





Reverse Voitage 


VR 


IR=1.0 nA 





Reverse Current 


IR14 


VR=28 V, Ta=25 °C 





Reverse Current 


IR2 
4. 


VR=28 V, Ta=70°C 





Capacitance 


C13 


VR=3.0 V, f=1.0 MHz 





C125 


VR=25 V, f=1.0 MHz 





Capacitance Ratio 


N 


C13 /Cr25 





Series Resistance 


ls 


Cy=29 pF, f=50 MHz 





Capacitance Tolerance 








Ac 

















NOTE : Diodes are available in matched sets of 20, 60, 120, 120xn units. 
For two diodes of one set the following conditions are relevant : 
The variations AC in capacitance values at VQ =3, 10, 18 and 25 V are less than 3 % for 1SV50 and 1SV50(1). 


AC 


_ Cmax. — Cmin. 


9 
Cad. x 100 (%) 
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NOTE 


18V60,1SV50(1),1SV50S 


1SV50S 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL 





NE GECTRON oevice 


TEST CONDITIONS 





Reverse Voltage 





Reverse Current 





Reverse Current 





Capacitance 











IR=1.0 nA 
VR=28 V, Ta=25 °C 
VR=28 V, Ta=70 °C 








f=1.0 MHz, Vp =3.0 V 
f= 1.0 MHz, VR =6.0 V 








Capacitance Ratio 








Seriese Resistance 








TYPICAL CHARACTERISTICS (Ta=25 °C) 


TERMINAL CAPACITANCE vs. 
REVERSE VOLTAGE 








C,—Terminal Capacitance — pF 




















































































1.0 
0.1 0.20.30406 1.0 2030406010 20 30 40 60 


Va —Reverse Voltage —V 


TEMPERATURE COEFFICIENT vs. 
REVERSE VOLTAGE 

















8 








Temperature Coefficient — ppm/°C 
8 
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Va— Reverse Voltage —V 





Q—Figure of Merit 
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00 
10 20 30 40 60 80100 
f—Frequency —MHz 





Cx3/Crg 
C=30 pF, f=50 MHz 











FIGURE OF MERIT vs. FREQUENCY 
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NEC SILICON PIN DIODE 
eae te 1SV77 


DESCRIPTION The 1SV77 is designed for RF variable attenuator and switching 
circuit applications in FM, car radio and CB. PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
FEATURES @ Low Cost. (0.204 MAX.) 


®@ Wide Frequency Range. 
































@ Low Insertion Loss. x 
@ Low 3rd Harmonic Distortion. = 
@ Wide Dynamic Range. 3 s 
0.45 ape 
(0018) |EzZ 
ABSOLUTE MAXIMUM RATINGS a2 a8 
Maximum Temperatures res —=5 Pere 
Junction Temperature T; 125 °C azz, Lo ss s 
Storage Temperature Tstg - 55 to +125 °C 3 z 
Maximum Power Dissipation (Ta=25 °C) x8 
Power Dissipation Py 250 mW Sa 
Maximum Voltages and Currents (Ta= 25 °C) gap cer re jae 
Peak Reverse Voltage Veou 70 V 3. CATHODE IEC —-: PA33 
Reverse Voltage VR 50 V 
Peak Forward Current (1 ys) lem 70 mA 
Forward Current lp 50 mA 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
| SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
Ve Forward Voltage 0.9 1.1 Vv IF =50 mA 
tR Reverse Current 0.1 HA VR=30 V 
Cy Terminal Capacitance 0.7 1.0 pF VR=10 V, f=1.0 MHz 
Tds RF Series Resistance 7.0 10 a2 Ip=10 mA, f= 100 MHz 
ldp RF Parallel Resistance 1.0 2.0 key. ES OAL te 100 Me 
T Minority Carrier Lifetime 2.0 us Ip=10 mA 
ter Reverse Recovery Time 0.8 us IF=10 mA, IR=16 mA, R, =50 2 
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IV EL ELECTRON DEVICE 


TERMINAL CAPACITANCE vs. 
REVERSE VOLTAGE 


RF RESISTANCE vs. 
FORWARD CURRENT 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


1SsV// 


100 
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f—Frequency — MHz 
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NEC PIN DIODE 


ELECTRON DEVICE 1 SV8 O 
VHF/UHF RF ATTENUATIG AND SWITCHING 
SILICON PIN DIODE 
DESCRIPTION AND APPLICATIONS FEATURES 
The 1SV80 silicon PIN diode, especially designed for © Low cost. 


VHF/UHF band switching, attenuating. @ Large dynamic range. 


The RF resistance of a PIN diode is a-function of the cur- @ Low series resistance. 
=10 2 TYP. @ Ip =10 mA, f= 100 MHz 
@ Low capacitance 


=0.5 pF MAX. @ Va=15 V, f=1 MHz 


rent flowing inthe diode. The current controlled resistors 
are specified for use in control applications such as ATT, 
AGC, RF modulators. 


PACKAGE DIMENSIONS ABSOLUTE MAXIMUM RATINGS (Ta=25 °c) 





Ey arllimerers Reverse Voltage VR 30 V 
JEDEC : DO-35 Forward Current If 50 mA 
Peak Forward Current ley 150 mA 
‘ . . 
trie —f] z DC Power Dissipation Py 250 mw 
= 
2 Junction Temperature T; +175 °C 
¢04 
eee 2 Storage Temperature stg  -65to +175 °C 
x< 
S Solder Temperature (Note) 260 a 
w 
— +} Note : Less than 5 seconds, more than 1.5 mm off 
¢ 1.9 MAX. 2 the lead connection. 
= 
Cathode A 
aes I 


Color Code (from cathode) 
Red, Green 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC 


Forward Voltage 


SYMBOL 

















Reverse Voltage 





Parallel Resistance 1.0 











TEST CONDITIONS 


VR=15 V, f=1.0 MHz 


















Ip =10 vA, f= 100 MHz 
lp =10 mA 


3.0 
Life Time 2.0 
(0) 








IVE ELECTRON DEVICE 


TSVSU 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


RF RESISTANCE vs. FREQUENCY 















































































































































FORWARD CURRENT vs. 
FORWARD VOLTAGE 
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Vp —Forward Voltage —V 
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yw—juawing puemso4— 4) 


100 


f —Frequency —MHz 


RF RESISTANCE vs. FORWARD CURRENT 




















































































































\p —Forward Current—mA 
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NEC VARACTOR DIODE 
ELECTRON DEVICE 1SV88 


VHF CATV TUNER 
SILICON EPITAXIAL DIODE 
ESVAC® 


The 1SV88 is a hyper-abrupt junction type voltage capaci- 
PACKAGE DIMENSIONS tance diode. 


in millimeters (inches) F : ; . aS eens ; 
1SV88 is designed for electronic tuning circuit application in 


CATV tuner, and features high capacitance ratio and high re- 
liability. 


Cathode Mark 


0.75(0.029) 
1.2 MAX. 
(0.047 MAX.) 





FEATURES 


@ High capacitance ratio. N : 11 at C3/Co5 (TYP.) 








@ 3 % capacitance tolerance. 








(0.492) @ Low leakage current. Ip =10nA at Vp =28 V 


fh 0.25 MAX.(0.01 MAX.) 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 


Cathode Mark 


Peak Reverse Voltage Vram 30 V 
DC Reverse Voltage VR 30 V 
Storage Temperature T stg —55 to +125 °C 
Power Dissipation Pp 250 mw 





TYPICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL : : : TEST CONDITIONS 











Reverse Current VR=28V 











Reverse Current VR=28 V, Ta=80 °C 





Reverse Voltage IR =4.0 vA 














Capacitance VR=3.0 V, f= 1.0 MHz 


Capacitance ; A : VR=25 V, f=1.0 MHz 








Capacitance Ratio . Cy3/Cr25 














Series Resistance ; f=1.0 MHz, Cy=9 pF 

















Capacitance Tolerance A NOTE 





NOTE : Diodes are available in matched sets of 24, 60, 120, 120xn units. 
For two diodes of one set the following conditions are relevant : 
The variations AC in capacitance values at VR =3, 10, 18 and 25 V are less than 3 % for 1SV88. 


Cmax. — Cmin. 
AC = ———— x 100 (%) 
Cmin. 
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NEC ttectron vevice 


1SV88 


25 °C) 


TYPICAL CHARACTERISTICS (Ta 


TERMINAL CAPACITANCE vs. 


REVERSE VOLTAGE 


1.0 MHz 
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Vr—Reverse Voltage—V 


FIGURE OF MERIT vs. FREQUENCY 
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io C VARACTOR DIODE 


ELECTRON DEVICE 1 S V 1 1 8 

AM TUNER 
SILICON EPITAXIAL DIODES 
ESVAC® 
The 18V118 is a hyper-abrupt junction type voltage-variable capacitance diode. 
PACKAGE DIMENSIONS It is designed for electronic tuning circuit application in AM band. 
(Unit : mm) 
5.2 MAX. 


bE FEATURES 


@ High capacitance ratio ; Co/Co5 : 27 (TYP.) 
®@ High figure of merit ; Q (min.) 2200 
®@® Low dynamic capacitance variation 


@ 3 % capacitance tolerance 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 








DC Reverse Voltage Vr 30 Vv 

Power Dissipation Py 250 mW 

Pin Connection Storage Temperature Tstg —55 to +125 76 
2. Cetnode Operating Temperature Topt —30 to 80 “C 





ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL : : ; TEST CONDITIONS 
Reverse Current IR nA [ VR=30 V 


Reverse Voltage Vv IR =1.0 nA 

A: 
Capacitance VR=2.0 V, f=1.0 MHz 
Capacitance VR=25 V, f= 1.0 MHz 





























Capacitance Ratio Cy2/Cr25 








Figure of Merit VR=3.0 V, f=1.0 MHz 
NOTE 




















Capacitance Tolerance 











NOTE : Diodes are available in matched sets of 2, 3 units. 
For two diodes of one set the following conditions are relevant : 
The variations AC in capacitance values at Va =2, 10, 18 V are less than 3 % for 1SV118. 
Cmax. — Cmin. 


Ce Gain, 100 (%)---(VR =2, 10, 18 V), AC SCmax.—Cmin: -- (VR =25 V) 
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TSVI1S 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


Temperature Coefficient —ppm /°C 


Ct-—Terminal Capacitance — pF 


+200 


+100 


TERMINAL CAPACITANCE vs. 
REVERSE VOLTAGE 
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0 5 10 15 20 25 
VpR—Reverse Voitage—V 


TEMPERATURE COEFFICIENT vs. 
REVERSE VOLTAGE 


Ta=—30~+80 C 
f =1.0 MHz 
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Vp—Reverse Voltage—V 
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AC —-Dynamic Capacitance Variation—% 


Q—Figure of Merit 





NEG etectron vevice 


FIGURE OF MERIT vs. 
REVERSE VOLTAGE 





f =1.0 MHz 














5 000 





























500 











200 




















0 5 10 15 20 25 
Vp —Reverse Voltage—V 


DYNAMIC CAPACITANCE VARIATION 
vs. REVERSE VOLTAGE 


f =1,0 MHz 


_CH-CL 
AC = “GLX 100 (%) 


CH:RF Level 500 mVr.m.s. 
CL: RF Level 20 mVr.ms. 






































5 10 15 20 25 
VR —Reverse Voltage—V 


PRELIMINARY SPECIFICATION 


NEC UHF MODULATOR DIODE QUAD 


ELECTRON DEVICE ND487R1-3R 


UHF DOUBLE BALANCED MODULATOR 
SILICON EPITAXIAL SCHOTTKY BARRIER DIODE QUAD 











The ND487R1-3R is schottky barrier diode quad interconnected in ring con- 
PACKAGE DIMENSIONS figuration, especially designed for use in double balanced mixers, phase 
olen detectors, AM modulators, and pulse modulators. 


FEATURES 
@ Monolithic array 
@ Diode ring configuration 
@ Wideband operation 
@ Smal! size package 
@ Low cost 


CONFIGURATION ABSOLUTE MAXIMUM RATINGS (Ta= 25 °C) 


@ ® DC Power Dissipation Py 75 mW/Junction 
. Junction Temperature T; 150 "6 
@ @ Storage Temperature Tstg —65 to +150 °C 


Soldering Temperature 230 °C for 10 s 








ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
Forward Voltage 

Delta Forward Voltage RoE 

Terminal Capacitance 


Delta Terminal Capacitance AC, (NOTE) 







TEST CONDITIONS 


tp =50 mA 
IF =1.0 mA 


lp =1.0 mA 
VR =0, f=1.0 MHz 
VR =O, f= 1.0 MHz 































NOTE 1 : Difference of Ve, Cy 
2 : Measurement terminal © —@,@-—@ 
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INWVSEO 7M 1-OM 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


Lc —Conversion Loss—dB 


FORWARD CURRENT vs. FORWARD VOLTAGE 


If —Forward Current —mA 








Ve —Forward Voltage —V 


CONVERSION LOSS vs. LOCAL POWER 
fp =400 MHz, PR=—20 dBm 
f =430 MHz, fip =30 MHz 
oe 1 


Pica Gee Wane i Se 


—4 2 0 42. +4 #2+6 °#+8~°~+«+ 


10 +12 +14 















PL —Local Power —-dBm 
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NEG tiectron pevice 





PRELIMINARY SPECIFICALION 


NEC UHF MODULATOR DIODE QUAD 


ELECTRON DEVICE N D437 R2-3R 


UHF DOUBLE BALANCED MODULATOR 
SILICON EPITAXIAL SCHOTTKY BARRIER DIODE QUAD 


The ND487R2-3R is schottky barrier diode quad interconnected in ring con- 
PACKAGE DIMENSIONS figuration, especially designed for use in double balanced mixers, phase 
(Unit : mm) 


detectors, AM modulators, and pulse modulators. 











FEATURES 
® Monolithic array 
® Diode ring configuration 
® Wideband operation 
@ Small size package 
@ Low cost 





ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 











DC Power Dissipation Pa 75 mW/Junction 
Junction Temperature Tj 150 08 
Storage Temperature Tstg —65 to +150 7c 
Soldering Temperature 230 °C for 10 s 





ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


. CHARACTERISTIC SYMBOL TYP. MAX. UNIT TEST CONDITIONS 
Forward Voltage 1.0 es eo Ip =50 mA 


VF1 


Vv 
| 04 | 05 |v 
v 
Terminal Capacitance pF 


NOTE 1 : Difference of VF, Cy 
2: Measurement terminal © —@,@—@ 






































ACy (NOTE]1) 
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NW+tO/7/NC- ON 


IV HU ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


Lce—Conversion Loss—dB 


FORWARD CURRENT vs. FORWARD VOLTAGE 








IF —Forward Current ~mA 











VF —Forward Voltage—V 


CONVERSION LOSS vs. LOCAL POWER 


| ue 
IN 
CoE 


tal 8 +10 +12 #1 


+, 






fp =400 MHz, PR=~-20 dBm 
f_ =430 MHz, fjf =30 MHz 






























4 


oe Local Power —dBm 
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PRELIMINARY SPECIFICATION 







NEC 


ELECTRON DEVICE 


UHF MODULATOR DIODE QUAD 


ND487C1-3R 


UHF DOUBLE BALANCED MODULATOR 
SILICON EPITAXIAL SCHOTTKY BARRIER DIODE QUAD 








The ND487C1-3R is schottky barrier diode quad interconnected in cross con- 
PACKAGE DIMENSIONS figuration, especially designed for use in double balanced mixers, phase detec- 


(Unit : mm) 


tors, AM modulators, and pulse modulators. 


FEATURES 
@ Monolithic array 
® Diode cross configuration 
@ Wideband operation 
@ Small size package 


@ Low cost 














CONEIBURATION ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 


® ® DC Power Dissipation Py 75 mW/Junction 
Junction Temperature Tj 150 5s 

© ®@ Storage Temperature Tstg —65 to +150 7C 
Soldering Temperature 230 °C for 10 s 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


eal 
x 


NOTE 1 : Difference of Ve, Cy 
2: Measurement terminal O-@ @-@ 






























VR =O, f=1.0 MHz 
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INELG EeLEcTRON Device 


NVEO/UI-ONM 


TYPICAL CHARACTERISTICS (Ta= 25 °C) 


FORWARD CURRENT vs. FORWARD VOLTAGE 








CCH 
Ne 

KGS Gnne 
HSE 
CCE 


yu— yuauing puemso4— J} 














0.6 0.8 
Ve —Forward Voltage—V 


0.4 


0.2 


CONVERSION LOSS vs. LOCAL POWER 


400 MHz, PR=—20 dBm 
430 MHz, fi¢ =30 MHz 


fr 
fL 


























Qp—sso] uossaau0g— 94 


PL —Local Power —dBm 
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PRELIMINARY SPEUIFIVCALION 


EC UHF MODULATOR DIODE QUAD 
ELECTRON DEVICE 


ND487C2-3R 


UHF DOUBLE BALANCED MODULATOR 
SILICON EPITAXIAL SCHOTTKY BARRIER DIODE QUAD 















The ND487C2-3R is schottky barrier diode quad interconnected in cross con- 









PACKAGE DIMENSIONS 


figuration, especially designed for use in double balanced mixers, phase detec- 
(Unit : mm) 


tors, AM modulators, and pulse modulators. 


FEATURES 
@ Monolithic array 
® Diode cross configuration 
®@ Wideband operation 
@ Small size package 





@ Low cost 








re 1.50.1; 8 . 
~ 3.882 § N 
sei cere a ABSOLUTE MAXIMUM RATINGS (Ta= 25 °C) 
@ ® DC Power Dissipation Py 75 mW/Junction 
Junction Temperature 7; 150 "¢ 
@ Storage Temperature Tstg —65 to +150 aC 
Soldering Temperature 230 °C for 10s 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 





TEST CONDITIONS 
I- =50 mA 



















Forward Voltage VF1 
Forward Voltage 












lF=1mA 
Delta Forward Voltage AVeEQ(NOTE)) IpF=1mA 











VR=0, f= 1.0 MHz 
VR=0,f=1.0 MHz 





Terminal Capacitance Cy (NOTE2) | 
Delta Terminal Capacitance AC; (NOTE1) hae 


NOTE 1: Difference of Ve, Cy 
2 : Measurement terminal ©-@, @-—@ 
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INWVS+O/7Ua2ron INUIC, Wy ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


FORWARD CURRENT vs. FORWARD VOLTAGE 











lp ~Forward Current —mA 








0 0.2 0.4 0.6 0.8 1.0 1.2 
VF —Forward Voltage —V 


CONVERSION LOSS vs. LOCAL POWER 


fp =400 MHz, PR=—20 dBm 
fl =430 MHz, frp =30 MHz 


Le—Conversion Loss—dB 








—4 —2 0 +2 +4 +6 +8 +10 +120 «+14 
PL —Local Power —dBm 
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NEC 


ELECTRON DEVICE 


PHOTO TRANSISTOR 
PH101 


NPN EPITAXIAL DARLINGTON PHOTOTRANSISTOR 


PHOTO 


DESCRIPTION 


DETECTOR 


— NEPOC SERIES — 


The PH101 is a miniature NPN sillicon phototransistor having exceptionally stable characteristics and high illuminance sensiti- 
vity mounted in a two-terminal MICRODISK package. The spectral response, extending from 4,000 to 10,0004, is compati- 


ble with daylight, tungsten, and gallium arsenide sources. 


The packaging of this unit permits close-spacing in linear arrays. 


Its low cost and volume producibility opens new areas of use anywhere a photo detector is desirable. 


FEATURES 


PACKAGE DIMENSIONS 


in millimeters (inches) 


2-lead MICRODISK Plastic 











®@ Low cost. 

@ Low Leakage Current. 

@ Wide Spectral Response. 

@ Convenient MICRODISK Package. 
@ Wide Temperature Range. 

® Compact, Rugged, Light Weight. 

®@ High Sensitivity. 


APPLICATIONS 





Kp 
Dark Faint 1. Collector 


2. Emitter 


* Soldering conditions are at 260°C or less 
within Ssec. at 3 mm or farther from 


® Optical Switching and Encoding. 
@ Intrusion Alarm. 

@ Tape and Card Reader Sensor. 

@ Level Control 

@ Motor governor. . 


the case. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Collector to Emitter Voltage (Ta=25°C) 


Maximum Collector Current (Ta=25°C) 

Maximum Power Dissipation (Ta=25°C) 

Maximum Temperatures (Ta=25°C) 
Junction Temperature 


Storage Temperature 


ELECTRO-OPTICAL CHARACTERISTICS (Ta = 25°C) 


SYMBOL 





VcEO 20 Vv 
Ic 50 mA 
Pc 100 mw 
Tj 80 °C 
Tstg -30 to +80 °c 


TEST CONDITIONS 








CHARACTERISTIC 
Collector to Emitter Dark Current 


Collector to Emitter Dark Current 





Collector Saturation Voltage VCE (sat) 


VceE = 15V, L=0 








Vce = 15V, L=0, Ta= 80°C 











Photo Current Ie 


Ic = 10mA, L* = 1,000 Ix 
Ve = 2.0V, L* = 100 Ix 








* Measured with a tungsten filament lamp operated at a color temperature of 2854°K. 


/ frmivei 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


IL-Photo Current-mA 


Iceo-Collector Dark Current-A 


Relative Response -% 





PHOTO CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


Color Temperature 
2854" k 





Vce-Collector to Emitter Voltage-V 


COLLECTOR DARK CURRENT vs. 
AMBIENT TEMPERATURE 





























Ta-Ambient Temperature-‘C’ 


SPECTRAL RESPONSE 


















































400 500 600 700 800 900 1000 1100 1200 


Wave Length-nm 


I.-Photo Current-mA 


Pc-Power Dissipation- mW 


Relative Response-% 


IW & $3 ELECIRUN DEVICE 


PHOTO CURRENT vs. ILLUMINANCE 





120 








_ Hot 
ATT 
os LALIT tT 
1 10 1 























00 1000 


Iluminance-Ix 


POWER DISSIPATION vs, 
AMBIENT TEMPERATURE 











20 40 60 80 100 


Ta-Ambient Temperature- ‘C 


ANGULAR RESPONSE 











Angle-Degree 


NEC 


ELECTRON DEVICE 


PHOTO TRANSISTOR 
PH102 


NPN EPITAXIAL PHOTOTRANSISTOR 
PHOTO DETECTOR 


DESCRIPTION 


—NEPOC SERIES— 


The PH102 is a miniature NPN sillicon phototransistor having exceptionally stable characteristics mounted in a 
two-terminal MICRODISK package. The spectral response, extending from 400 to 1000nm, is compatible with 
daylight, tungsten, and gallium arsenide sources. The packaging of this unit permits close-spacing in linear arrays. 
Its low cost and volume producibility opens new areas of use anywhere a photo detector is desirable. 


PACKAGE DIMENSIONS 
in millimeters (inches) 






nu 2-lead MICRODISK Ng 
a Plastic OW 
gi Q geo 
rome to) 





| 
Black mark on 
reverse side 







3.3 MAX. 
(0.13 MAX.) 


1. Collector 
2. Emitter 
* Soldering conditions are at 260 °C or less 
within 5s at 3 mm or farther from 


the case. 


FEATURES 

@ High speed. 

@ Low cost. 

@ Low leakage current. 

® Wide spectral response. a 

@ Wide temperature range. 

© Compact, rugged, light weight. 
® High sensitivity. 


APPLICATIONS 

® Optical switching and encoding. 
Intrusion alarm. 

Tape and card reader sensor. 


Level control. 


Motor governor. 


ABSOLUTE MAXIMUM RATINGS 





Maximum Collector to Emitter Voltage (Ta=25 °C) VcCEO 30 V 
Maximum Collector Current (Ta=25 °C) Ic 40 mA 
Maximum Power Dissipation (Ta=25 °C) PC 100 mw 
Maximum Temperatures (Ta = 25 °C) 
Junction Temperature Tj 80 “G 
Storage Temperature Tstg —30 to +80 °C 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL 
Collector to Emitter Dark Current | ICEO 








TYP. TEST CONDITIONS 
VCE=10 V, L=0 Ix 








Collector Saturation Voltage VCE (sat) 


1c=0.5 mA, L*=1,000 Ix 





Photo Current IL 





Fall Time 








Rise Time 


Vce=2.0 V, L*=100 Ix 





VCE=10 V,IL=2 mA,RL=100 2 
VCE=10 V,1L=2 mA,RL=100 2Q 

















*Measured with a tungsten filament lamp operated at a color temperature of 2854 K. 


PH102Z NEG ttectron vevice 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


Pc — Power Dissipation — mW 


I, — Photo Current —mA 


Relative Response — % 
























POWER DISSIPATION vs. PHOTO CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 
120 
ell = alls <t Tungsten Source at 2854 K 
° to 
20 
80 I | 4 
8 
60 ) 
2 1.0 
40 2 
Qa 
| 
20 = 
0 2 4 6 8 10 
0 20 40 60 80 100 Vce — Collector to Emitter Voltage — V 


Ta — Ambient Temperature — “Cc 


COLLECTOR DARK CURRENT vs. 


PHOTO CURRENT vs. ILLUMINANCE AMBIENT TEMPERATURE 






































ICEO — Collector Dark Current —uA 




































































1 
5 10 20 50 100 200 500 1000 2000 0 20 40 60 80 100 
IHuminance — Ix Ta — Ambient Temperature — °C 
SPECTRAL RESPONSE ANGULAR RESPONSE 






















































Relative Response — % 





a Lanes L = 100 Ix 


0 Tungsten Source at 2854 K 
400 500 600 700 800 900 1000 1100 0 60 —40 —20 0 #20 +40 +60 


Wavelength — nm 
































Angle —degree 


NEC PHOTO TRANSISTOR 


ELECTRON DEVICE p H 1 O 3 
DARLINGTON PHOTO TRANSISTOR 
—NEPOC SERIES— 
PACKAGE DIMENSIONS The PH103 is a darlington photo transistor in a plastic molded package, 
in millimeters (inches) and very suitable for a detector of a photo interrupter. 
5.0 
(0.197) 






3.25 
4-R 05 (0.128) 
(R 0.019) 5 
LS 
w 


= 
h 
a 
~ 
oO 
> 
o 
wo 


ABSOLUTE MAXIMUM RATINGS (Ta= 25 °C) 





& Collector to Emitter Voltage VcEO 30 V 
2 Collector Current Ic 50 mA 
Power Dissipation Pp 100 mw 
Junction Temperature T; 100 oC 
@ 
Storage Temperature T stg —40 to +100 °C 
@ Emitter o) 


@ Collector 





ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL : . . TEST CONDITIONS 


Collector to Emitter Dark Current ICEO | Vce=10 V, L=0 Ix 








Collector Saturation Voltage VCE (sat) , | Ig =10 mA, L=1 000 Ix* 











Photo Current I A Voce =2 V, L=100 Ix* 


*Measured with a tungsten filament lamp operated at a color temperature of 2 854 K. 


rnoive 


INE & tLECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta= 25 °C) 


PHOTO CURRENT vs. 


PHOTO CURRENT vs. ILLUMINANCE 


COLLECTOR TO EMITTER VOLTAGE 





Color temperature 2 854 K 





























yu — Juang ojoyd— ]| 





























yl — Juang ojoyg— | 


Ituminance —Ix 


VcE—Collector to Emitter Voltage—V 











POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 








2 6 es “Ss <8 


Mu —uoljedissig 4aM0g—Id 





COLLECTOR DARK CURRENT vs. 
AMBIENT TEMPERATURE 


y7—jueuing yeg 4103991109 — OAD) 


100 


80 


60 


40 


20 





Ta—Ambient Temperature —°C 


Ta—Ambient Temperature —°C 


SPATIAL DISTRIBUTION 


SPECTRAL RESPONSE 

















asuodsay aanejeay 
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A—Wave Length— X102nm 


Angle—° 


IN EL ELECTRON DEVICE 


Attenuator —dB 


FREQUENCY RESPONSE 

































































100 500 1k 5k 10k 


f —Frequency —Hz 





PH103 


FREQUENCY RESPONSE TEST CIRCUIT 


5 Voc 


200 Q 
6 Vp-p f 
x PH103 
E 
8 Voc a OUT 


100 2 





EC PHOTO TRANSISTOR 


ELECTRON DEVICE 
PH104 
PHOTO TRANSISTOR 


—NEPOC SERIES— 


The PH104 is a photo transistor in a plastic molded package, and 
PACKAGE DIMENSIONS 


in millimeters (inches) very suitable for a detector of a photo interrupter. 


5.0 


; (0.197) 














® ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 
7 Collector to Emitter Voltage Vceo 30 Vv 
i Collector Current Ic 40 mA 
Emitter Power Dissipation Po 100 mW 
@Collector Junction Temperature Tj 100 *¢ 
Storage Temperature T stg ~40 to +100 °C 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL MIN. . TEST CONDITIONS 
Collector to Emitter Dark Current IcEO aes 2 ll ; Voe=10 V, L=0 Ix 


Collector saturation Voltage VCE (sat) : I¢ =0.5 mA, L=1 000 !x* 

















Photo Current Vce = 2.0 V, L=100 Ix* 

















Fall Time Vec=10 V, Ip =2 mA, RL =100 2 


*Measured with a tungsten filament lamp operated at a color temperature of 2 854 K. 


PrHiUG 


TYPICAL 


Pc— Power Dissipation— mW 


|_—Photo Current— mA 


Relative Response— % 





CHARACTERISTICS (Ta=25 °C) 


POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


120 
100 

80 

60 

40 v 
20 


Ta— Ambient Temperature—°C 





























PHOTO CURRENT vs. 
ILLUMINANCE 
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L—IHuminance— ly 


SPECTRAL RESPONSE 
100 
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4 5 6 4 8 9 10 11 
A— Wave Length— X 10?nm 


I — Photo Current— mA 


Relative Response 


NEG Etectron pevice 


PHOTO CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


Tungsten Source at 2 854 K 





1000 












































0 2 4 6 8 10 
Vce— Collector to Emitter Voltage—V 


COLLECTOR DARK CURRENT vs. 
AMBIENT TEMPERATURE 








300 
200 





100 


50 








lceo~ Collector Dark Current ~ mA 
e) 


















































0 20 40 60 80 100 
Ta— Ambient Temperature—°C 


SPATIAL DISTRIBUTION 



























































—40° —20 0 20° 40° 
Angle— ° 


IN ECL ELECTRON DEVICE 


FREQUENCY RESPONSE 























Attenuator — dB 





















































1k 5k 10k 50k 100k 


f —Frequency —Hz 
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FREQUENCY RESPONSE TEST CIRCUIT 


5 Voc 
200 2 
6 Vp-p ; 
\ 
\ PH104 
8 Voc SE304 
OUT 
100 


NEC 


ELECTRON DEVICE 


PHOTO DETECTOR 
GaAsP PHOTE DIODE 


DESCRIPTION 


PHOTO DIODE 
PH201A 


—NEPOC SERIES— 


The PH201A is a GaAsP (gallium arsenide phosphide) photo diode designed for use as a photo detector of electronic 


camera. 


It features wide active area, close spectral response to that of human eye and wide light current range. 


PACKAGE DIMENSIONS 
in millimeters (inches) 







Clear plastic 


Dark ceramic 


1. Anode 
2. Cathode 





* Soldering conditions are at 260°C or less 
Within 10sec. at 0.5mm or farther from 


the case. 


FEATURES 


@ Suitable for photo detector applications in cameras. 


@ No filter is required. 


The spectral response matches with the response of human eye. 


@ Low dark current. 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Reverse Voltage 


Forward Current 


Operating Temperature 


Storage Temperature 


ELECTRO-OPTICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC SYMBOL 
Photo Current Ish 





Dark Current ID 





Photo Current Ratio 
eer Bs 


TYP. 














Relative Spectral Response 








Rise Time 








Variation of Photo Current 


106 
See Fig.1 
150 


ie es! 
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TF [wax 
x 
re 


nA 
pA 


A 
ee ee 


VR 5.0 
IF 1.0 
Topt —30 to +60 


Tstg —40 to +80 


Vv 


mA 


°C 


°C 





UNIT TEST CONDITIONS 
VR =2.0V 


See rise time test circuit 





100 1x(3)(4) 





’ 


PHZ 


Notes: 
(1) 
(2) 


(3) 
(4) 


VIA 


Ish at.1,000 Ix 
Ish at 0.001 Ix 
A 


(Ish at a color temperature of 2854 K — Ish at a 
temperature of 2854 K) x 100(%) 


INE ELECTRON DEVICE 


color temperature of 4870 K)/(Is_ at a color 


Measured with a tungsten filament lamp operated at a color temperature of 2854 K. 


Measured at a color temperature of 4870 K. 


RISE TIME TEST CIRCUIT 


Input 


Vout 







light pulse 


PH201A 100K? 





Note: Light source isa LED that the PH201 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


Ish — Photo Current —A 


Relative Response —% 


PHOTO CURRENT vs. 
ILLUMINANCE 


10-5 








10-7 












































10-3 1071 101 103 105 


IIluminance—Ix 


RELATIVE SPECTRAL RESPONSE 


100 






































400 500 600 700 
Wavelength — nm 
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joe ie ee me ee 


aa ae less than 5.0yus 


Ip — Dark Current —A 
3 
I 
N 


10-14 
1 


Input light pulse Output voltage 





A gets 100 Ix illumination. 


DARK CURRENT vs. 
REVERSE VOLTAGE 






































































































































o-1 109 101 
VR—Reverse Voltage—V 


Response of PH201A 


Response of human eye 


NEC PHOTO DIODE 


ELECTRON DEVICE Pp H 3 O 2 


PLASTIC MOLDED PIN PHOTO DIODE 


—NEPOC SERIES— 


DESCRIPTION 
PACKAGE DIMENSIONS PH302 is a photo diode with PIN structure. It has a wide photo-receiving 


(Unit: mm) vie . 
area and high speed response enabling applications for various remote 
28402 controlling equipments. The resin material itself used for the package has 


filter effect to pass only infrared. 





FEATURES 


8+0.2 


® Uitra high speed response. (t,. t= 50 ns) 

® Coincidence of the wavelength of maximum sensitivity with that of 
an infrared LED. (A, max. = 940 nm) 

®@ High sensitivity. (50 nA/Ix) 

® Wide dynamic range. 








13.3 


ABSOLUTE MAXIMUM RATINGS 

















Hews 2 Maximum Reverse Voltage (Ta=25 °C) VR 32 Vv 
Maximum Power Dissipation (Ta=25°C) Pp 150 mW 
Maximum Temperatures 
Anode Cathode Junction Temperature Tj 80 °c 





Ps Storage Temperature Tstg —40 to +80 °C 


CONNECTION DIAGRAM 
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PH302 IVE G ELECTRON DEVICE 


* 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) oo 


CHARACTERISTIC SYMBOL - : TEST CONDITIONS 


Dark Current 


Wave length of the max. sensitivity é 


Quantum yield / 
(Electron per photon) 


n 
Spectral sensitivity S 35 



































Spectral sensitivity 














Open circuit voltage 
Open circuit voltage Evy=1 000 |x 


Rise and fall time of the photocurrent R_L=1 kQ, VR=0 V,A=940 nm 
from 10 % to 90 % and 90 % to 10 % 
of the final value RL=1k&, VA=5 V,A=940 nm 























Capacitance pF VR=5V,f=1 MHz 











Radiant sensitive area mm? 





Noise equivalent power . W/,/Hz VR=10V 




















Detection limit . em./Hz/W 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


WAVELENGTH SENSITIVITY DIRECTIONAL CHARACTERISTIC 


Relative Sensitivity —% 
Relative Sensitivity —% 





400 500 600 700 800 900 1000 1100 1200 
A—Wavelength — nm 





RISE TIME 


TA 
CAPACITANCE vs. SUPPLY VOLTAGE FALL TIME Y SUPFLY VOLTAGE 


100 2 0 eee ee ee ee ee es ee 





Ct — Capacitance — pF 
w 
oO 


tr —Rise Time —ns 
tf —Fall Time —ns 














1 2 3 5 10 20 30 





VR— Supply Voltage —V 


VR— Supply Voltage —V 
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NEG etectron vevice PH302 


LEAK CURRENT vs. 


LEAK CURRENT vs. SUPPLY VOLTAGE AMBIENT TEMPERATURE 


103 


~ 
fo) 
nD 











Ip ~ Leak Current —nA 
2 





Ip — Leak Current —nA 





ro 
o 
a 





























107! 














Ta—Ambient Temperature —°C 





VR— Supply Voltage —V 


PHOTO CURRENT vs. ILLUMINANCE RELATIVE vs. AMBIENT TEMPERATURE 
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Ta—Ambient Temperature —°C 
Ey — Illuminance — Ix 
PHOTO CURRENT vs. SUPPLY VOLTAGE PHOTO CURRENT vs. SUPPLY VOLTAGE 





{_ —.Photo Current —“A 
I_~—iPhoto Current —wA 





VR—Supply Voltage —V Vp —Supply Voltage —V 
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PH302 INIA] ELECTRON DEVICE 


POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


Pp — Power Dissipation —mW 








Ta— Ambient Temperature —°C 


HANDLING PRECAUTIONS: 


1. 


The full resin-molded PH302 has generally a little jess mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 
(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5 s. 


(b) If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility that 
open or short circuit occurs due to the deformation or destruction of the resin will increase. 


On cleaning the device: 


(a) Cleaning with unsuitable solvent may impair the resin if the package and the following solvents should be used at the 
temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, lsopropyl-alcohol 


(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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NEC 


ELECTRON DEVICE 


DESCRIPTION 


PHOTO COUPLER 
PS2001B 


PHOTO COUPLER 
INDUSTRIAL USE 


— NEPOC SERIES — 


The PS2001B is an optically coupled isolator containing a GaAs light emitting diode and an NPN silicon photo transistor. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


9.25+0.5 
(0.364) 


x.) 


4.4MAX 


2.5MIN. 
(0.098MIN.) (0.173MA 
35+! 
is 





65405 
(0.256) 





6 5 4 (Top view) 


1. 
2. 
3. 
4. 
5. 
6. 


Anode 
Cathode 
NC 
Emitter 
Collector 
Base 


FEATURES 
® High isolation voltage 2500V pc Rating 
© High transfer ratio 30% MIN. 
® High speed switching t,, te =5.0 us TYP. 


® Economical, compact, Dual !n-Line Plastic Package 


APPLICATIONS 


@ interface circuit for various instrumentations, control equipments. 
®@ Chopper circuits. 

®@ Computer and peripheral manufactures. 

® Pulse transformer. 

®@ Data Communication equipment. 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 





Diode 
Reverse Voltage VR 5.0 Vv 
Forward Current I¢ 60 mA 
Power Dissipation Pp 100 mw 
Transistor 
Collector to Emitter Voltage VCEO 30 Vv 
Collector Current Ic 50 mA 
Power Dissipation Pc 150 mw 
Isolation Voltage * 1 BV 2500 Voc 
Storage Temperature Tstg -55 to +125 °c 
Operating Temperature Topt -55 to+100 °C 
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PS2001B 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 
CHARACTERISTIC 





NEC erectron oevice 


TEST CONDITIONS 





—- 


Loren! Voltage 





Reverse Current 








Junction Capacitance 





Ip =20mA 
VR =4.0V 


pF V =0, f= 1.0 MHz 











Collector to Emitter Dark Current 


nA Vce = 10V, tp =0 





OC Current Gain 


| Ic = 4.0mA, Voce = 5.0V 





Toss 


Current Transfer Ratio CTRiIc/IF) 


eee 


Ip = 20mA, VcE = 5.0V 





Collector Saturation Voltage 





2 haw 
ie Ie = 20mA, Ic = 2.0mMA 








| Isolation Resistance 


Vin-out = 1.0 kV 





| Isolation Capacitance 


pF V =0, f = 1.0 MHz 





Rise Time 








ws | Voc=5.0V, Ip = 20mA, Ry = 10022 





Fall Time 





* 1 Measuring Condition 


DC or AC voltage for 1 minute at Ta = 25°C, 

RH = 60% 

Between input (pin No. 1,2 and No. 3 Common) 
and output (pin No. 4,5 and No. 6 Common) 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


DIODE POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


150 





100 











50 





P,—Diode Power Dissipation—mW 

















0 25 50 75 100 125 150 
Ta—Ambient Temperature — T 
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P.—Transistor Power Dissipation—mW 








us Vcc = 5.0V, Ip = 20 mA, RL = 1002 *2 


* 2 Test Circuit for Switching Time 


PULSE INPUT 


PW= 100us 
duty cycle 
= 1/10 lr 


Vec= 5.0V 





TRANSISTOR POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


150 


























‘ SEE 
50 
= 
0 25 50 75 100 125 150 


Ta-Ambient Temperature — CT 


NEC eictron vevice 


\cge9 —Collector to Emitter Dark Current—mA 


lp —~Forward Current—mA 


100, 


10, 


1, 


ACTR—Normalized Output Current 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 















































Ve—Forward Voltage —V 


COLLECTOR TO EMITTER DARK CURRENT 
vs. AMBIENT TEMPERATURE 


000 


000 


000 


100 


10 




















— 20 0 20 40 60 80 


Ta—Ambient Temperature — T 


NORMALIZED OUTPUT CURRENT vs. 
AMBIENT TEMPERATURE 











Normalized to 1.0 
at Ta= 25°C 
lr = 20mA 
Ve E> 5.0V 


hel 


~ 20 0 20 40 60 80 









































Ta—Ambient Temperature — T 
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i¢—Collector Current—mA '¢— Collector Current—mA 


ACTR—Normalized Output Current 





PS2001B 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 



























































0 2 4 6 8 10 
Vcg—Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
FORWARD CURRENT 


















































\--Forward Current-mA 


NORMALIZED OUTPUT CURRENT vs. 
BASE RESISTANCE 











'_" (Normalized to 
Ff | = 20a 
ar: Ip=10mA 


+ 












































100 200 300 400 500 o2, 
(Base open) 


Rg— Base Resistance — kQ 


PS$2001B NEC etectron vevice 


COLLECTOR CURRENT vs. SWITCHING TIME vs. 
COLLECTOR SATURATION VOLTAGE LOAD RESISTANCE 


100 





















































t..t;—Rise Time, Fall Time— us 
o 





















































le -Collector Current—mA 





100 1k 10k 
R,.— Load Resistance — 2 























COLLECTOR TO EMITTER BREAKDOWN 
VOLTAGE vs. BASE RESISTANCE 


























0 0.1 0.2 0.3 0.4 0.5 
VcE(sat) Collector Saturation Voltage —V 





















































BVcer—Collector to Emitter Breakdown Voltage —V 


100 200 300 500 = 
Rg—Base Resistance —kQ (Base open) 


FREQUENCY RESPONSE 
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Gy—Normalized Gain 
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NEC 


ELECTRON DEVICE 


DESCRIPTION 


PHOTO COUPLER 
PS2002B 


PHOTO COUPLER 
INDUSTRIAL USE 


— NEPOC SERIES — 


The PS2002B is an optically coupled isolator containing a GaAsP light emitting diode and an NPN silicon darlington- connect- 


ed phototransistor. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


9.25+0.5 
ie 
6, 0-364) / 


5 | 


Piri i. 
C7 ot 





4 AMAX, 





(0.098MIN.) (0.173MAX.) 


2.5MIN, 





(Top view) 
Anode 
Cathode 
NC 
Emitter 
Collector 
NC 


PAWNS 


FEATURES 


® High Voltage Isolation 
®@ High Transfer Ratio 


APPLICATIONS 


@ECR 
@ Automat 


@ Replacement of pulse transformer. 


@ Other replacement of mechanical relay and reed relays. 


2500Vpc MIN. 


100% MIN. 
® Economical, Compact, Plastic Dual In-Line Package 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Diode 
Reverse Voltage VR 
Forward Current IF 
Power Dissipation Pp 
Transistor 


Collector to Emitter Voltage VcEO 


Collector Current Ic 

Power Dissipation Pc 
Isolation Voltage* 4 BV 
Storage Temperature Tstg 


Operating Temperature 
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7.0 
50 
100 


40 
50 
100 
2500 
~55 to +125 
-55 to +100 


mw 


mA 





mA 

mw 

Voc 
°C 
°C 


PS2002B 


NEG eLectron vevice 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 
CHARACTERISTIC SYMBOL 
Forward Voltage 


TEST CONDITIONS 
Ip =5.0mA 
Vr =4.0V 
V =0, f= 1.0MHz 
Vce = 10V, Ip = 0 
Ic =4.0mA, Voce =2.0V 
Ip =5.0mA, VcE = 2.0V 

















Reverse Current 











Junction Capacitance 








Collector to Emitter Dark Current 











OC Current Gain 





Current Transfer Ratio CTR(Ic/IF) 


Collector Saturation Voltage VCE (sat) : Ie = 5.0mA, ic = 2.0mMA 


Isolation Resistance R4.2 


Vin-out = 1.0kV 

Vv =0, f= 1.0 MHz 

Voc =5.0V, ig = 10mA, RL = 1002*2 
Vcc =5.0V, Ip =10mA, R, = 1002*2 


Isolation Capacitance 





Rise Time 
Fall Time 




















* 1 Measuring Condition * 2 Test Circuit for Switching Time 


DC or AC voltage for 1 minute at Ta = 25°C, 






RH = 60% PULSE en oe oe Vec= 5V 
Between input (pin No. 1, 2 and No. 3 Common) — 
and output (pin No. 4,5 and No. 6 Common) [ity Ims | mad 

duty cycle] 

=1/10 2--- Vout 


502 
R, = 100Q 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


DIODE POWER DISSIPATION vs. TRANSISTOR POWER DISSIPATION vs. 


















































AMBIENT TEMPERATURE AMBIENT TEMPERATURE 
150 150 
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z f 

é 5 

S 100 = «100 

a é 

wn 7) 
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: a 
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S a 
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50 5 50 

ra) ¢ 
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Ee eee eee 
oO 
a 


°o 


25 50 75 100 125 150 0 25 50 75 100 125 150 


Ta—Ambient Temperature—C Ta—Ambient Temperature—C: 
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NEG etectron vevice 


Iceo—Coilector to Emitter Dark Current—mA 


'lp—Forward Current—mA 


10 


g 


ACTR—Normalized Output Current 





,000 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 





























1.0 1.2 1.4 1.6 1.8 2.0 
Ve—Forward Voltage—V 


COLLECTOR TO EMITTER DARK CURRENT vs. 
AMBIENT TEMPERATURE 





10 




















Ta—Ambient Temperature—°C 


NORMALIZED OUTPUT CURRENTT vs. 
AMBIENT TEMPERATURE 














4 |. 1. 
Normalized to 1.0 at Ta=25°C 
lp = 5mA, Vce=2.0V 















































—20 if) 20 40 60 80 


Ta—Ambient Temperature—°C 


Ic—Collector Current—mA 


Ic—Collector Current—mA 
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PS2002B 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
























































0 1 2 3 4 5 
Vc~—Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
FORWARD CURRENT 









































0 2 4 6 8 10 12 14 16 18 20 


lr—Forward Current—mA 


COLLECTOR CURRENT vs. 
COLLECTOR SATURATION VOLTAGE 


100.0 
































10.0 


























1.0 











Ic—-Collector Current—mA 









































/ 
cal if 


05 #06 O07 O8 O09 %$+10 1.1 
Veg(sat) Collector Saturation Voltage —V 


PS20028 NEG Etectron vevict 


COLLECTOR SATURATION VOLTAGE vs. 
AMBIENT TEMPERATURE 




















VeEisay — Collector Saturation Voltage—V 





























—20 0 20 40 60 80 


Ta—Ambient Temperature—°C 
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NEC PHOTO COUPLER 
ELECTRON DEVICE PS2003B 


PHOTO COUPLER 


—NEPOC SERIES — 


DESCRIPTION 


The PS2003B is an optically coupled isolator containing a GaAs light emitting diode and an NPN silicon photo transistor. 


FEATURES 
PACKAGE DIMENSIONS 
si evidlinevietais (invchiea) @ High isolation voltage 2500V pc Rating 
ee @ High transfer ratio 20% MIN. 
@ High speed switching t,, t¢-=5.0 us TYP. 


4 
hy 


@ Economical, compact, Dual In-Line Plastic Package 
$1(#0.039) 


7.60 
(0.299) 


65205 APPLICATIONS 


(0.256) 





® !nterface circuit for various instrumentations, contro! equipments. 











28 © Chopper circuits. 
ee osicins) © Computer and peripheral manufactures. 
us @ Pulse transformer. 
ca @ Data communication equipment. 
6 5 4 (Top view) 
1. Anode 
2. Cathode 
een ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 
als Dio 
ya te 2 Reverse Voltage VR 5.0 Vv 
Forward Current IF 40 mA 
Power Dissipation Pp 100 mW 
Transistor 
Collector to Emitter Voltage VcEO 30 Vv 
Collector Current Ic 50 mA 
Power Dissipation Pc 150 mW 
Isolation Voltage*1 BV 2500 Voc 
Storage Temperature Tstg ~55 to +125 °C 
Operating Temperature Topt -55 to +100 °C 
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PSZ0U3B Bay ELEGINUn UrviEe 


_ ELECTRICAL CHARACTERISTICS (Ta = 25°C) 

CHARACTERISTIC SYMBOL a TEST CONDITIONS 
Forward Voltage VE ; é Ip =20mA 
| RRR a a. | 
Reverse Current ae VR =4.0V 


hinction Capacitance V =O, f = 1.0MHz 
































Collector to Emitter Dark Current nA _| Vee = 10V, Ip =0 

DC Current Gain Ic = 4.0mA, Vc_e = 5.0V 

Current Transfer Ratio CTR(Ic/!F) | 20 If = 20mA, VcE = 5.0V 

Collector Saturation Voltage VCE (sat) te = 20mA, Ic = 2.0mMA 

tclaton Capecitne | 


Fall Time Vec= sou ic Soma, A= 1000" 






































* 1 Measuring Condition * 2 Test Circuit for Switching Time 


DC or AC voltage for 1 minute at Ta = 25°C, 


RH = 60% PULSE INPUT Vec= 5.0V 
Between input (pin No. 1, 2 and No. 3 Common) PW= 100us 
and output (pin No. 4,5 and No. 6 Common) duty cycle ) | 
=1/10, IF 
Vout 
502 
Ri = 100 





TYPICAL CHARACTERISTICS (Ta = 25°C) 


DIODE POWER DISSIPATION vs. 


TRANSISTOR POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


AMBIENT TEMPERATURE 
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0 25 50 75 100 125 150 0 25 50 75 100 
Ta—Ambient Temperature — C 


125 150 
Ta—Ambient Temperature — T 
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SNe CLOUINUTe UCVILE PSZ003B 


FORWARD CURRENT vs. COLLECTOR CURRENT vs. 
FORWARD VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
































1p — Forward Current—mA 





\¢—Collector Current—mA 












































0.6 0.8 1.0 1.2 1.4 1.6 


Vp—Forward Voltage —V Vce~Collector to Emitter Voltage—V 


COLLECTOR TO EMITTER OARK CURRENT COLLECTOR CURRENT vs. 
vs. AMBIENT TEMPERATURE FORWARD CURRENT 
100,000 





10,000 

















1,000 











100 








Ic —Collector Current—mA 


10 

















\ceo — Collector to Emitter Dark Current—mA 
































~ 20 0 20 40 60 80 0 10 20 30 40 50 
Ta—Ambient Temperature — T Ip-Forward Current-mA 
NORMALIZED OUTPUT CURRENT vs. NORMALIZED OUTPUT CURRENT vs. 
AMBIENT TEMPERATURE BASE RESISTANCE 











— :lr=20mMA Voe=5V 


a ae to 1.0at R_=0o 
—-— i Ip=10mMA  Vce=5V 


Normalized to 1.0 
at Ta= 25°C 
le = 20mA 
Vce= 5.0¥ 























ACTR—Normalized Output Current 
ACTR—Normatized Output Current 












































—20 0 20 40 60 80 0 


100 200 300 400 500 £2. 


Ta—Ambient Temperature — T Rp—Base Resistance —kQ (Base open) 


27 


rdé2UUSD alsa teers ime 


COLLECTOR CURRENT vs. SWITCHING TIME vs. 
COLLECTOR SATURATION VOLTAGE LOAD RESISTANCE 


[t{—_+—_ + 44 aE as a 
t+-+H44 
PH 












































t,t; Rise Time, Fall Time— us 

















Ic Collector Current— mA 


osm mas, 





100 Ik 10k 
R,— Load Resistance — Q 

















COLLECTOR TO EMITTER BREAKOOWN 
VOLTAGE vs. BASE RESISTANCE 


L_] 
— 











E 








rae! 
ea 
Biri: 





“o O01 02 03 O04 05 
VcEisat) Collector Saturation Voltage —V 




















BVcer—Collector to Emitter Breakdown Voltage —V 
un 
oOo 


100 200 300 500 


co 
Rg — Base: Resistance ~ kQ (Base open) 


FREQUENCY RESPONSE 








Gy—Normalized Gain 





















































f—Frequency—Hz 
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NEC PHOTO COUPLER 
ELECTRON DEVICE PS2004B 


PHOTO COUPLER 
INDUSTRIAL USE 


— NEPOC SERIES — 


DESCRIPTION 


The PS20048B is an optically coupled isolator containing a GaAs light emitting diode and an NPN silicon darlington 
phototransistor in a plastic DIP (Dual In-Line Package) 


FEATURES 
PACKAGE DIMENSIONS 
in millimeters (inches) ® High voltage isolation 2 500 V MIN. 
225205 ® Ultra high transfer ratio 1 300 % MIN. 


(0.364) 
6 5 4 
oP or ty td 








© Economical, compact, plastic dual in-line package 


| ese ®@ Large output current 200 mA MAX. 
# 1(¢ 0.039) 
OT Gide GAs 6s 
APPLICATIONS 





® Copy machine. 


(0.299) 
65+05 


44 MAX 
0.173 MAX.) 


@ Replaceable from mechanical relays and reed relays. 





2.5 MIN. 


®@ Replaceable from pulse transformer. 


z 
= 
0 
ray 
2 
° 





(0.047) (0.1) 
6 5 4 
4 Rneae ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 
anc Diode | 
r ial , Reverse Voltage VR 5.0 Vv 
Tue 6. Base Forward Current Ig 50 mA 
Power Dissipation PD 100 mw 
Transistor 
Collector to Emitter Voltage VcEO 30 Vv 
Collector Current Ic 200 mA 
Power Dissipation Pc 200 mw 
Total Power Dissipation Protal 250 mw 
Isolation Voltage*1 BV 2 500 Voc 
tsolation Voitage* 1 BV 2000) = Vacir.ms.) 
Storage Temperature Tstg ~55 to +125 °c 
Operating Temperature Topt —55 to +100 °c 
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PSZU0U04B 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
CHARACTERISTIC 











al Forward Voltage 
@ 








Reverse Current 
Junction Capacitance 





IVIL ELECTRON DEVICE. 


TEST CONDITIONS 
If = 20 mA 
VR=4.0 V 
V=0,f=1.0 MHz 

















Coltector to Emitter Dark Current 





1 z 
Current Transfer Ratio 


Collector Saturation Voltage 
Isolation Resistance 


Isolation Capacitance 








Vce=10 V, lp =0 





Ip =5.0 mA, VcE=2.0 V 
IF =5.0 mA, Ic =2.0 mA 
Vin-out = 1.0 kV 
V=0,f=1.0 MHz 








Rise Time 


Vec=5.0 V, Ip=5.0 mA, Ry=100 2 *2 

















Fall Time 


* 1, Measuring Condition 


DC or AC voltage for 1 minute at Ta=25 °C, 
RH=60 % 

Between input (pin No. 1,2 and No. 3 Common) 
and output (pin No. 4, 5 and No. 6 Common) 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


DIODE POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 














P,, —Diode Power Dissipation —mW 








Ta—Ambient Temperature — T 








30 





ea cycle= mi 


Pc—Transistor Power Dissipation —mW 








Vcec=5.0 V, Ip=5.0 mA, RL =100 Q *2 


* 2. Test Circuit for Switching Time 


PULSE 


Vec=5.0 V 
INPUT os 


PW=1 ms 





TRANSISTOR POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





























Ta—Ambient Temperature — T 


NEC etectron oevice PS2004B 
















































FORWARD CURRENT vs. COLLECTOR CURRENT vs. 
FORWARD VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
30 100 : 
Mis /COSEREEE 
9 "i, 
2 | LY al | 
80 b 
< - LIWA hee 
= rs P-=200 mW 
| 20 L 
o 3 60 
3 45 is) 
g s 
= 8 40 
© 10 8 
” bs 
20 
5 
0 
0.8 0.9 1.0 1.1 1.2 1.3 0 1 2 3 4 5 
V;-—Forward Voltage —V Vcp—Collector to Emitter Voltage —-V 
COLLECTOR TO EMITTER DARK CURRENT vs. COLLECTOR CURRENT vs. 


AMBIENT TEMPERATURE FORWARD CURRENT 
100 000 : 


10 000 








|. —Collector Current—mA 

















lceg—Collector to Emitter Dark Current—nA 


























—20 
Ta—Ambient Temperature — CT {er -Forward Current-mA 
NORMALIZED OUTPUT CURRENT vs. NORMALIZED OUTPUT CURRENT vs. 
AMBIENT TEMPERATURE BASE RESISTANCE 


Normalized to 1.0 
at Ta=25 °C 
Ir=5.0 mA 





Normalized to 1.0 

at Rg=oo 

Ip =5.0 mA, Vce=2.0 Vi 
j—-— Te =10 mA, Vce=2.0 V 





. 


ACTR—Normalized Output Current 
ACTR-~Normalized output Current 









































—20 0 20 40 60 80 
Ta—Ambient Temperature — CT 
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NEC PHOTO COUPLER 
ELECTRON DEVICE PS2005B 


PHOTO COUPLER 
INDUSTRIAL USE 


DESCRIPTION 


— NEPOC SERIES — 


The PS2005B is an optically coupled isolator containing a GaAsP light emitting diode and an NPN silicon phototransistor. 


FEATURES 


PACKAGE DIMENSIONS 
®@ High voltage isolation 


in millimeters (inches) ; 
Pee @ Large forward input (current) 
(0.364) 


@ High transfer ratio 
® High speed switching 


APPLICATIONS 


4.4 MAX. 


2.5 MIN. 
(0.098 MIN.)(0.173 MAX.) 








Sats ABSOLUTE MAXIMUM RATINGS (Ta= 25 °C) 
rs SiGe Diode 
S plied Reverse Voltage VR 7.0 
Forward Current IF 150 
Power Dissipation Pp 200 
Transistor 
Collector to Emitter Voltage VCEO 30 
Collector Current Ic 50 
Power Dissipation Pc 150 
Total Power Dissipation Protal 250 
Isolation Voltage*1 BV 2 500 
Isolation Voltage*1 BV 2 000 
Storage Temperature Tstg —55 to +125 
Operating Temperature Topt —55 to +100 
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@ Telephone-Telegraph lines receivers. 
@ Replaceable from a read relay. 


2 500 V 


150 mA MAX. 
10 % MIN. 


tr, te=5 us TYP. 


© Economical, compact, plastic dual in-line package 


Vv 
mA 
mw 


Vv 
mA 
mW 
mw 


Voc 


VAC (r.m.s.) 


°C 
°C 


PS2005B NEC ttectron vevice 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL : 5 . TEST CONDITIONS 


+ 
Forward Voltage : Ip = 100 mA 


| Reverse Current i BA VR=40 V 
Junction Capacitance V=0,f=1.0 MHz 


Collector to Emitter Dark Current | Vce = 10 V, ip =0 

















DC Current Gain Ic =4.0 mA, VcE=5.0 V 


po 
Current Transfer Ratio CTRiIc/IF) Ip = 100 mA, VcE=5.0 V 


Collector Saturation Voltage VCE (sat) F sil fe =100 mA, Ic =4.0 mA 











Isolation Resistance R4-2 2 | Vin-out =1.0 kV 





lsolation Capacitance C4.2 F pF V=0,f=1.0 MHz 
| Rise Time ty " BS Vecz5.0 V, 1p=100 mA, RL =100 2 *2 
Fall Time tf ‘ us Vcc=5.0 V, Ip=100 mA, R__=100 2 *2 


























* 1, Measuring Condition * 2. Test Circuit for Switching Time 
DC or AC voltage for 1 minute at Ta=25 °C 
RH=60 % PULSE INPUT == 
Between input (pin No. 1,2 and No. 3 Common) PW= 100 us 1 1 

and output (pin No. 4,5 and No. 6 Common) duty Pie 











———— WT 
TYPICAL CHARACTERISTICS (Ta=25 °C) 
DIODE POWER DISSIPATION vs. TRANSISTOR POWER DISSIPATION vs. 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 





























Pp—Diode Power Dissipation —mW 




















P..—Transistor Power Dissipation -mW 























0 20 40 60 80 100 0 20 40 60 80 100 
Ta—Ambient Temperature — C Ta—Ambient Temperature — 
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INE cLectRON Device PS2005B 


FORWARD CURRENT vs. COLLECTOR CURRENT vs. 
FORWARD VOLTAGE COLLECTOR TO EMITTER VOLTAGE 


C |_| 




















ti | 
A 
| 
\| 
‘ 
Li lie 








|. Collector Current—mA 
in wae 
Z L 
| 

L 

| A 

i | 
aes 


|-—Forward Current—mA 


= 
l 
A 















































\ 
Mie 
an 

x 

I 
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3 

> 


0 6 8 10 12 


Vp Forward Voltage —V Vex —Collector to Emitter Voltage —V 


COLLECTOR TO EMITTER DARK CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE . FORWARD CURRENT 
100 000 











Ic Collector Current—mA 

















ceo Collector to Emitter Dark Current —nA 

















—20 0 40 60 80 100 120 
Ta—Ambient Temperature — CT |;—-Forward Current—mA 
NORMALIZED OUTPUT CURRENT vs. NORMALIZED OUTPUT CURRENT vs. 
AMBIENT TEMPERATURE BASE RESISTANCE 


Normalized to 1.0 
at Ta=25 °C 
Ir=100 mA Normalized to 1.0 

at go 

=100 mA, Vce=5.0 V 
--—' 1; =50 mA, Vee=5.0 Vv 














ACTR—Normalized Output Current 
ACTR—Normalized Output Current 











—20 0 20 40 60 80 100 200 300 400 500 oo 
Ta—Ambient Temperature — ‘C Ry—Base Resistance—kQ (Base open) 


PRELIMINARY SPECIFICATION 


PHOTO COUPLER 
PS2006,PS2006(1) 





NEC 


ELECTRON DEVICE 








HIGH SPEED PHOTO COUPLER 


—NEPOC SERIES— 


DESCRIPTION 
The PS2006, PS2006(1) are high speed photo couplers containing a GaAsP light emitting diode and a p-n photodiode 


connected to a high speed transistor. 
The CTR are 15% MIN. for PS2006 and 7% MIN. for PS2006(1). 


PACKAGE DIMENSIONS FEATURES 
in millimeters (inches) © High isolation voltage 3000 Voc MIN. 
@ High speed response tPHL.APLH=300ns TYP. 


9.254 0.5 


fe Pe | @ Compact, dual in-line plastic package 
© Equivalent to HP’s 5082-4350 Series 
$1 
¥ (0.039) APPLICATIONS 
Ly a YW 
2 3 4 


F ® interface circuit for various instrumentations, control equipments. 


; Floating power supply feedback networks. 


Computer and peripheral manufactures. 





e 
e 
@ Pulse transformer. 
e 


High speed digital and analog line receivers, 


x 
a 
= 
s 
s 
Zz 
= 
wo 
“i 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 
Diode 








Reverse Voltage VR 5 V 

Forward Current IF 25 mA 

PIN CONNECTION Power Dissipation Pp 45 mW 

Output Detector 

1. Supply Voltage Vcc —0.5 to +15 Vv 
2. Output Voltage Vo —0.5to +15 Vv 

- Output Current lo 8 mA 
5. Emitter to Base Voitage VEBO 5 Vv 

6. Power Dissipation Pc 100 mW 

. lsolation Voltage | BV 3000 Voc 
Storage Temperature Tstg -55to+125 °C 
Operating Temperature Topt -55to +100 °C 
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PS2006,PS2006(1) NEC trecteon vevice 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


CHARACTERISTIC SYMBOL 
Forward Voltage 


Forward Voltage Temperature 
Coefficient 


High Level Output Current 
High Level Output Current 


DC Current Gain 














AX. | UNIT | TEST CONDITIONS 


| yA | VR= =5V 


mV/°C| If=16mA 


a 
a 
<a 
is 


I Duan VEaVEE RY 


ar fie 
| WA | Ip=0mA,Vec=Vo=15V 
= 


Vo= 5V,lo=3mA 


lF=16mA,Vcc=4,5V 
Vo=0.4V 


cast 


Detector Diode 


ceil 
. 
1 


Current Transfer Ratio 


Low Level Output Voltage 


IF=16mMA,Vcc=4.5V 
lo=2.4mA/1.1mMA 


IF=16MA,Vo=Open, 
Low Level Supply Current ICCL Vec=15V 
!fF=0mA,Vo=Open, 


High Level Supply Current ICCH Vcc=15V 


Isolation Resistance R1-2 x, 10'2 Vin-out=1kV 


pF V=0,f=1MHz 








Isolation Capacitance Cy 2 
Propagation Delay Time 1f=16MA,Vcc=5V 
to Low Output Level a 0.3/0.5 0.8/1.5 | us RL=1.9k2./4.1kQ 
Propagation Delay Time IF=16MA,Vcc=5V 

0.3/0.8 | 0.8/1.5) HS | RL =1.9k0/4.1kO 


to High Output Level 











Coupled 





ae 
In Characteristics ‘’ / ‘ indicates PS2006/PS2006(1). 
*1 Measuring Condition 

DC voltage for 1 minute at Ta=25 °C, RH=60% 

Between input (pin No. 1, 2, 3, 4 Common) and output (pin No. 5, 6, 7, 8 Common) 





*2 Measuring Circuit 


ip ----- 
© 
Pulse Input o Vec=5V, | | 
PW=100us 


© 
Vo Monitor 







OQ 
I= Monitor 
512 





tPHL tPLH 


ak 


NEC trectron vevice PS2006,PS2006(1) 


TYPICAL CHARACTERISTICS (Ta = 25°C) 
FORWARD CURRENT vs. FORWARD VOLTAGE OUTPUT CURRENT vs. OUTPUT VOLTAGE 








<q 

E < 

\ E 
= I 

® wv 

= c 
3 : 
2 oO 

@ oad 

s 8 
Fs 3 

: 2 

Ve — Forward Voltage — V Vo — Output Voltage — V 
HIGH LEVEL OUTPUT CURRENT OUTPUT CURRENT vs. FORWARD CURRENT 
vs. AMBIENT TEMPERATURE 
100 

¢q 

e 

I 

c 

2 4 

5 E 

5) 10 \ 

3 ; 

: : 

° Oo 

oO a 

§ 10 a 

Pp) 

= e) 

= | 

l 2 

ae 

SY 4 

—25 0 25 50 75 100 
Ta — Ambient Temperature — °C !— — Forward Current —mA 
OUTPUT VOLTAGE vs. FORWARD CURRENT NORMALIZED OUTPUT CURRENT 





vs. AMBIENT TEMPERATURE 


Normalized to 1.0 
at Ta=25 °C 
Ie=16MA 
Vcc=4.5V, Vo=0.4V 


Zane 
ie a 
PIN NO | ruedtes [|| 
Pia Vsennee ee 
P= A pee 


——— 5 
= ae 95 -60 —25 0 25 50 75 100 
a — Forward Current — mA Ta — Ambient Temperature — °C 


Vo — Output Voltage — V 
ACTR — Normalized Output Current 





a7 





PS2006,PS2006(1) NEC cecraon vevice 


PROPAGATION DELAY TIME vs. LOAD RESISTANCE PROPAGATION DELAY TIME vs. AMBIENT TEMPERATURE 


fo) 
jo) 
Oo 





a) 
‘s) 





400) 





300) 





200 








8 














tPHL. tPLH — Propagation Delay Time — ns 














tPHL. tPLH — Propagation Delay Time — us 

















—50 —25 0 25 50 75 ~~ 100 
Ri — Load Resistance — k 2 Ta — Ambient Temperature — °C 





38 


NEC PHOTO COUPLER 


ELECTRON DEVICE PS2007B 


HIGH SPEED PHOTO COUPLER 


—NEPOC SERIES— 


DESCRIPTION 
The PS2007B is a high speed photo coupler containing a GaAsP light emitting diode and an integrated detector 
consisting of a photodiode and a high gain linear amplifier that drives a schottky clamped open collector output 


transistor in a plastic DIP (Dual In-Line Package). 


FEATURES 
PACKAGE DIMENSIONS 
; ; @ Ultra high speed 50 ns TYP. 
in millimeters (inches) 
@ High isolation voltage 3000 Vpc MIN. 
@ Low input current req. 5mA 
9.254 0.5 
(0.364) @ Economical, compact, plastic dual in-line package 
e@ TTL compatible 5 V Supply 
@ Equivalent to HP’s 5082-4360, 6N137 


APPLICATIONS 
(0.299) ; ; 
; 6.54 0.5 @ Line receiver 

x (0.256) |, . 

s | e@ Floating power supply 

be @ Computer and peripheral memory 
z§ @ Replaceable from mechanical relays and reed relays 
= 
0 8 @ Replaceable from pulse transformer 

S 





ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 

















Diode 
DiaGANNECTION Reverse Voltage VR 5 Vv 
Forward Current IF 10 mA 
1. Detector 
e Supply Voltage Voc 7 V 
4. Output Voltage Vo 7 Vv 
5. Output Current lo 50 mA 
Enable Voltage VE 5.5 Vv 
8. Power Dissipation Pc 85 mW 
Isolation Voltage Bv 1 3000 Voc 
Storage Temperature Tstg —55 to +125 "6 
Operating Temperature Topt 0 to +70 a 6 
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PSZ007B 


ELECTRICAL CHARACTERISTICS (Ta = 0 to 70 °C) 





Forward Voltage 





Reverse Current 





Capacitance 





High Level Enable Current 





Low Level Enable Current 


NEC ELECTRON DEVICE 


TEST CONDITIONS 
lF=10 mA, Ta=25 °C 
VR=5 V, Ta=25 °C 














pF 


V=0, f=1.0 MHz 





mA 


Vcc=5.5 V, VEH=2.0 V 





mA 


| Vec=5.5 V, VEL=0.5 V 





High Level Output eee 1OH 





= 


Low Level Output Voltage 





Low Level Supply Current 








High Level Supply Current 


CHARACTERISTIC 


HA 


lVee=Vo=5.5 V, | p=250 pA 
_|Ve=2.0 Vv 





Vv 


Vcc=5.5 V, VE=2.0 V 
If=5 mA, lo=13 mA 





mA 











| Veo=5.5V, Ve=2 V 


IF=10 mA 


Vcc=5.5 V, VE=0.5 V 
IE=0 mA 





TEST CONDITIONS 





Current Transfer Ratio 





Isolation Resistance 


-lip=5 mAVec=5 VRI=100 2 





| Vin-out=1 kV 








Isolation Capacitance 
Propagation Detay Time 
to Low Output Level 


Propagation Delay Time 
to High Output Level 





*4 Measuring Condition 














DC voltage for 1 minute at Ta= 25 °C, RH=60 % 
Between input (pin No. 1, 2, 3,4 Common) and Output (Pin No. 5, 6, 7, 8 Common) 


*2 Measuring Circuit 


Pulse Input O 


PW=1 us 
duty cycle = 1/10 / 


IF Monitor o 











472 


Vec=5 V 
O 


RL=350 2 0 


© Vo Monitor 5V 


*C 
L Output 


—={tPHLE— 


*CL is approximately 15 pF, which includes probe and stray wiring capacitance. 
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ee 
V=0, f=1 MHz 


IF=7.5 mA, Vcec=5 V 
R._=350 2, CL=15 pF 





IF=7.5 mA, Vcc=5 V 
R_=350 Q, VEH=3 V 
Ci=15 pF 


350 mV 
(IF=7.5 mA) 


atin tee hao 175 mV 


(IF=3.75 mA) 






NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


FORWARD CURRENT vs. FORWARD VOL TAGE 


100 


10 


|— —Forward Current —mA 


0.1 


1. 


HIGH LEVEL OUTPUT CURRENT vs. AMBIENT TEMPERATURE 


1000 


100 


10 


!oH — High Level Output Current —uA 





























1 1.2 1.3 1.4 1.5 1.6 
Ve — Forward Voltage — V 

















) 20 40 60 80 100 


Ta — Ambient Temperature — °C 


OUTPUT VOLTAGE vs. FORWARD CURRENT 


5 


Vo — Output Voitage — V 
























































|= — Forward Current —mA 
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fo — Output Current — mA 


Vo — Output Voitage — V 


tPHL. tPLH — Propagation Delay Time — ns 


PROPAGATION DELAY TIME vs. LOAD RESISTANCE 


PSZUU/6 


OUTPUT CURRENT vs. OUTPUT VOLTAGE 



























































Vo — Output Voltage — V 


OUTPUT VOLTAGE vs. FORWARD CURRENT 












































I— — Forward Current —mA 

















































































































0 
100 1k 10k 
Ri — Load Resistance — 2 


PS2007B NEC siccrnon vevice 


PROPAGATION DELAY TIME vs. FORWARD CURRENT PROPAGATION DELAY TIME vs. AMBIENT TEMPERATURE 


= 
o 
i=) 





500 











jee) 
i=) 

















D 
Oo 


100 


























aS 
Oo 





50 











20 












































tPHL. tPLH — Propagation Delay Time — ns 








tPHL: tPLH — Propagation Delay Time — ns 





10 . 
0 5 10 15 20 25 —20 20 40 





60 80 


IF — Forward Current — mA Ta — Ambient Temperature — °C 
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NEC 


ELECTRON DEVICE 


DESCRIPTION 


PHOTO COUPLER 


PS2010 


PHOTO COUPLER 
— NEPOC SERIES — 


The PS2010 is an optically coupled isorator containing a GaAs light emitting diode and an NPN silicon photo transistor. 
PS2010 all rank : MCT2, H11A2 ~H11A5, 4N25 ~~ 4N28 


4.4 MAX. 


2.5 MIN. 


(0.098 MIN.) (0.173 MAX.) 


PS2010 K rank : H11A1 


Compatible with MCT2, H11A1~H11A5 and 4N25~ 4N28 


PACKAGE DIMENSIONS 


in millimeters (inches) 


9.25+ 0.5 









0.5(0,02) 





6540.5 
(0.256) 


(Top view) 


MAPWN > 


Anode 

. Cathode 
NC 
Emitter 
Collector 
Base 


FEATURES 

@ High isolation voltage 2 000 Vac, 2 500 Voc 
@ High transfer ratio 20 % MIN. 

@ High speed switching ty, te=4 us TYP. 


® Economical, compact, Dual In-Line Plastic Package 


APPLICATIONS 


® Interface circuit for various instrumentations, control equipments. 
© Chopper circuits. 

@ Computer and peripheral manufactures. 

@ Pulse transformer. 

@ Data communication equipment. 


ABSOLUTE MAXIMUM RATINGS (Ta= 25 °C) 





Diode 
Reverse Voltage VR 5.0 Vv 
Forward Current (DC) Ip 80 mA 
Power Dissipation Pp 150 mW 
Peak Forward Current lF (peak) 3 A 
(300 ps, 2 % duty cycle) 
Transistor 
Collector to Emitter Voltage Vceo 30 Vv 
Collector to Base Voltage Vcso 70 Vv 
Emitter to Collector Voltage Veco 7 Vv 
Collector Current Ic 100 mA 
Power Dissipation Po 150 mW 
Isolation Voltage”! BV 2 500 Voc 
isolation Voltage*? BV 2 000 Vac 
Storage Temperature Tstg -§5to+150 °C 
Operating Temperature Tape -§5to+100 °C 
Lead Temperature (Soldering 10 s) 260 °C 
Tota! Power Dissipation Pr 250 mw 
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rozulVv INEL© GEcTRON Device 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL : : TEST CONDITIONS 
Forward Voltage 





Forward Voltage 


Reverse Current 





Junction Capacitance V=0, f=1.0 MHz 





Collector to Emitter Dark Current VceE=10 V, Ip =0 


DC Current Gain Ic =2 mA, VcE=5.0 V 
Collector to Emitter Breakdown Voltage lc=1 mA, tp=0 


Collector to Base Breakdown Voltage I¢=100 vA, [e=0 





a 
=} 
2 
2 
a 
i 
As] 
te 
- 








Emitter to Collector Breakdown Voltage {e6=100 vA, Ip=0 











Current Transfer Ratio *? Ip=10 MA, VcE=5.0 V 


Collector Saturation Voltage lF=10 mA, Ic=2.0mMA 
lsolation Resistance 


=] 




















*1 Measuring Condition *2 Test Circuit for Switching Time 
DC or AC voltage for 1 minute at Ta=25 °c, 
RH=60 % PULSE INPUT Vec=5.0 V 


Between input (pin No. 1, 2 and No. 3 Common) PW=100 us 




































































and output (pin No. 4,5 and No. 6 Common) duty cycle 
=1/10 
*3 CTR rank Vout 
K :80%~ R_ = 100 2 
L :40%~ 
M :20%~ 
TYPICAL CHARACTERISTICS (Ta=25 °C) 
DIODE POWER DISSIPATION vs. TRANSISTOR POWER DISSIPATION vs. 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 
150 150 
= z 
E | 
J S 
S 3 
3 100 2 100 
2 B 
8 a 
= 3 
D = 
3 é 
a 5 
3 50 B 50 
é : 
2 if 
£ 
0 25 50 75 100 125 150 0 25 50 75 100 125 150 
Ta—Ambient Temperature —°C Ta—Ambient Temperature —°C ; 
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NEC eucrnon vevice 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 























lp —Forward Current —mA 






































0.6 0.8 1.0 1.2 1.4 1.6 
VF —Forward Voltage—V 


COLLECTOR TO EMITTER DARK CURRENT 
vs. AMBIENT TEMPE RATU RE 


10 uw 





10 n 





\cEQ—Collector to Emitter Dark Current—A 
8 














0 25 50 75 100 
Ta—Ambient Temperature — °C 


NORMALIZED OUTPUT CURRENT vs. 
AMBIENT TEMPERATURE 


poe 


i WP Uy, 
WD <> 
UY Se 


at Ta=25 ° 
{r=10 mA 
Voce =5.0 V 




















ACTR—Normalized Output Current 























—25 0 25 50 75 100 
Ta—Ambient Temperature —°C 
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\¢—Collector Current —mA 


CTR—Current Transter Ratio—% 


4SCTR—Normalized Output Current 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
























































0 2 4 6 8 10 
VcE —Collector to Emitter Voltage —V 


CURRENT TRANSFER RATIO vs. 
FORWARD CURRENT 


160 





140 





120 













































































\— —Forward Current— mA 


NORMALIZED OUTPUT CURRENT vs. 
BASE RESISTANCE 





—_— 


x 





— __ 

Normalized to 1.0 at R 

——:IpF=20 mA Voce 
‘Ip=10 mA VCE 

a 


















































100 200 300 400 500 o 


Rp —Base Resistance —k2 (Base open) 





Gy —Novmalized Gain 


rodullVU 


COLLECTOR CURRENT vs. 
COLLECTOR SATURATION VOLTAGE 











I¢ —Collector Current—mA 





























0 0.1 0.2 0.3 0.4 0.5 
VCE(sat)— Collector Saturation Voltage —V 


SATURATION VOLTAGE vs. 
FORWARD CURRENT 


cTR: 115 % 
at 10 mA,5 V 


























VcE(s) ~ Saturation Voltage —V 











lp —Forward Current~mA 


FREQUENCY RESPONSE 






















































































1k 10 k 100 k 
f—Frequency —Hz 
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BVcER Collector to Emitter Breakdown Voltage—V 


NEC ascrnon sence 


SWITCHING TIME vs. 
LOAD RESISTANCE 


























tr, te—Rise Time, Fail Time — us 













































































50 100 300 500 lk 3k 
R_ —Load Resistance —Q 


COLLECTOR TO EMITTER BREAKDOWN 
VOLTAGE vs. BASE RESISTANCE 












































100 200 300 500 oo 


Rp—Base Resistance —kQ (Base open) 


——— 


PRELIMINARY SPECIFICATION 
PHOTO SCR COUPLERS 
PS3001,PS3002 





NEC 


ELECTRON DEVICE 








PHOTO SCR COUPLER 


—NEPOC SERIES— 





























DESCRIPTION 
The PS3001 and PS3002 are optically coupled isolators containing GaAs infrared emitting diode and a PNPN silicon 
photo SCR. 
| PACKAGE DIMENSIONS Saphivita =e ; 
- in millimeters (inches) adeno ever ages eins 
@ Low Turn on Current 12 mA MAX. 
oa @ Plastic dual-in-line package 
@® High Speed Switching 
or | @ Economical, Compact. 
¢1 
P| | in cee cease os APPLICATIONS 
ete 7 (0.299) ®@ Interface circuit for various instrumentations, control equipments 
x o 
¥g 2 6.5+0.5(0.256) | @ Replaceable from a reed relay 
ze] 8 
TS o ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 
se 0.02) pious 
== Reverse Voltage VR 6 V 
ae 12 2.54 Forward Current (DC) IF 80 mA 
£ SOOO) Peak Forward Current lpp 3°é«OA 
6 5 4 1. Anode Power Dissipation Pp 100 mW 
2. Cathode SCR ; 
3: NE Peak Off and Reverse Voltage VDRM, VRRM PS3001 200 V 
ee carneds PS3002 400 V 
7 3 5. Anode Direct On-State Current IT 300 mA 
6. Gate Peak pulse current *1 ITP 3 «OA 
| (Top View) Peak surge on Current ITSM 3° =A 
Power Dissipation PSCR 350 mW 
Isolation Voltage *2 BV 2500 Vpc 
Storage Temperature Tstg —55 to +125 °C 
Operation Temperature Topt —55 to +100 °C 
Lead Soldering Time (at 260 °C) 10s 
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rP5300T, PS3002Z 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL 


NEC ELECTRON DEVICE 


TEST CONDITIONS 








— 
Leeward Voltage 


IF=20 mA 





VR=6V 
fez 





Junction Capacitance 


V=0, f=1.0 MHz 





L 
peak Off-State Current 


VpRM=Rated 





Reverse Current 


Reverse Current | 
L 
— 
| 


RGK=27 kQ 
Ta=100 °C 
| 





On State Voltage 
L 


It=300 mA 





Holding Current 


Photo SCR 


— 
RGK=27 kQ, Vp=24 V 
| 





fe 
Rate of rise of forward blocking 
Voltage 


VpRM=Rated 
RGK=27 kQ, Ta=100 °C 








Turn on Current 





Isolation breakdown Voltage 





Isolation Resistance 


+ 

_ 
7 

nies 


Vp=6 V, RGK=27 kQ 





DC/1 minute 


Q Vin-out=1.0 kV 





Isolation Capacitance 








+ hs 
pF V=0, f=1.0 MHz 





IF T=50 mA, Vp=6 V 
RGK=27 kQ, Ry =100 2 





*3 Turn on Time Test Circuit 


*1 pulse width = 100 ys 
Repetitive Frequency = 100 Hz 


*2 Measuring Condition 
RH = 60% 


Between input (pin No. 1, 2 and No. 3 Common) 
and output (pin No. 4, 5 and No. 6 Common) 


DC voltage for 1 minute at Ta = 25 °C; (‘ouey width = 1 | 
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(Duty cycle = 10 % ) 


oO VD=6V 


IF 


Vout 





R, =1002 


NEC ELECTR 


ON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


te — Forward Current — mA 


lpbRM — Peak Off-State Current — A 


let — Turn On Current — mA 


FORWARD CURRENT vs. 
AMBIENT TEMPERATURE 





























120 
100 
80 
60 
40 
20 
0 25 50 75 100 125 150 
Ta — Ambient Temperature — °C 
PEAK OFF-STATE CURRENT vs. 
AMBIENT TEMPERATURE 
100 yw 


RoK = 27 ka 
VpoRM = Rated 


1p 


100 n 











Ta — Ambient Temperature — °C 


TURN ON CURRENT vs. 
GATE-CATHODE RESISTANCE 











































































































0.1 1 100 1 000 


RGK — Gate-Cathode Resistance — kQ 


4aQ 


ley — Turn On Current — mA 


PS3001, PS3002 





DIRECT ON-STATE CURRENT vs. 
AMBIENT TEMPERATURE 


300¢ 


N 
jo] 
Oo 





100 





ly — Direct On-State Current — mA 


0 25 50 75 100 


Ta — Ambient Temperature — °C 


125 150 


TURN ON CURRENT vs. 
AMBIENT TEMPERATURE 






































25 


50 75 


Ta — Ambient Temperature — °C 





NEC | PHOTO INTERRUPTERS 


sean PS4001,PS4003,PS4005,PS4007,PS4009 


PHOTO INTERRUPTER 
NEPOC SERIES 


DESCRIPTION 
The PS4001, PS4003, PS4005, PS4007, PS4009 are photo coupled interrupter modules containing a GaAs light emitting 


diode. and an NPN silicon darlington connected photo-transistor. 


CONNECTION DIAGRAM (Top View) 


. Anode 

. Cathode 
. Emitter 
. Collector 





AWN 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 


Diode 
Reverse Voltage Vr 5.0 Vv 
Forward Current Ie 50 mA 
Power Dissipation Pp 100 mW 
Transistor 
Collector to Emitter Voltage VcEO 30 Vv 
Collector Current Ic 50 mA 
Power Dissipation Pc 100 mW 
Storage Temperature Tstg —40 to +100 °c 
Operating Temperature Topt ~-20 to +80 °C 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


[___chanactenisnic | syweot [wm] WV 
[FonwarsVorwe ve 
eae 
[RieTime 

[ratte 


%K PS4003 : 15 % MIN., Others : 20 % MIN. 







Ter [veoriome 
Don [Vee=10Viie=o 
x [ies t0mAa,voezov 
<a 
a 
| 





IF=10 mA, ae 0.5 mA 
Vec=5.0 V, [c=2.0 mA, RL =100 2 * 
Vec=5.0 V, 1¢=2.0 mA, RL=100 2 * 
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PS4001,PS4003,PS4005,PS4007,PS4009 NEC secon vevice 


* Test Circuit for Switching Time 


! 

| 

1 

' 
3 
4 


PULSE INPUT Voc =5 V 


14 







r- 
( 
Le 


ae. ms VOUT 


duty cycle = ae ee eee eee eee ee 


50 2 





PACKAGE DIMENSIONS 


in millimeters (inches) 


PS4003 
sree 126) a 2(g 0.126) 


eae Teh 
PAY ese] face] 4? 


2.5(0.1) 
12.5(0.492 


19.0(0.75) 19.0(0.748 
24.5 (0.96) 24.5(0.964 
Light Window : 91 mm : ; 
Light Window ¢ 2.0(¢ 0.078) 


5.8(0.228) _ 2.6(0.102) 


PS4007 


¢ 3.5(¢ 0.138) 9.0(0.354) 43.2 





| 


. 126) 


3.2 
totes 


12.5(0.492) 
15.7(0.618) 
18.5(0.728) 


(0.276) |(0 


4.2(0. 165) 


12.5(0. 492) 
Light Window ¢ 2.0(¢ 0.079) 15.0(0.591) 


(0.394) 


(0.394 MIN.) 
(0.394 MIN.) 


2.6(0. 102) 








[VEG ELECTRON DEVICE 


IcEQ—Collector to Emitter Dark Current—nA 


. | 11.1(0. 437) 


(0.350 MIN.) 





TYPICAL CHARACTERISTICS (Ta=25 °C) 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 


. lp—Forward Current—mA 


Ve —Forward Voltage—V 


COLLECTOR TO EMITTER DARK. CURRENT 
vs. AMBIENT TEMPERATURE 


Te. 
Tr 
aan 
4a 


2.2 


100000 













10000 


1000 





Ta—Ambient Temperature —°C 


| | Yomt | | tt er) 
he5e a 


|_| 
2 acco 
Cai ce ee ae 


PS4001,PS4003,PS4005,PS4007,PS4009 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 











=e chp omee 
a Fc a a Fe 
waft | 


tc —Collector Current—mA 





is Ds Oe a Ds es 


Eid 
cal 
Sia 
LN, 
poate 
me 
lal 
| {| : 
ze 


I¢ —Collector Current—mA 


NESS REESE 


SNe 


CEae 

» 
aus 
Ras 
ee 
Ree 
| | | 
es 










CC ss 


Vce —Collector to Emitter. Voltage —V 


COLLECTOR CURRENT vs. 
FORWARD CURRENT 


beanie td Salt 
















LN 
P| 





10 20 30 
l- —Forward Curret—mA 


PS4001,PS4003,PS4005,PS4007,PS4009 INE BECTRON DEVICE 


NORMALIZED OUTPUT CURRENT vs. 
AMBIENT TEMPERATURE 


Normalized to 1.0 
at Ta=25 °C 
\F =10 mA, Voce =2.0 V 








ACTR—Normalized Output Current 
































Ta—Ambient Temperature —°C 


OUTPUT VOLTAGE vs. 
FORWARD CURRENT 


CTR=50 % Voc = 











Vo—Output Voltage —V 











l- —Forward Current—mA 


TYPICAL APPLICATION 


Vec(5 V~12 V) 


\—-=10~20 o | 


(250 Q) 


COLLECTOR CURRENT vs. 
COLLECTOR SATURATION VOLTAGE 


100 









































I¢ —Collector Current -mA 














0.1 
0.5 0.6 0.7 0.8 0.9 1.0 lad 


VCE(sat)—Collector Saturation Voltage -V 


OUTPUT CHARACTERISTIC 





Normalized Output Level 














































TENTATIVE SPECIFICATION 


PHOTO INTERRUPTER 


PS4008 





NEC 


ELECTRON DEVICE 










PHOTO INTERRUPTER 
—NEPOC SERIES— 








“] DESCRIPTION 
PACKAGE DIMENSIONS 


in millimeters (inches) The PS4008 photo coupled interrupter module containing a GaAs 


light emitting diode and an NPN silicon photo-transistor. 
¢ 3.2( 0.126) ¢ 3.2(60.126) 



















eae 35 D rl ah CONNECTION DIAGRAM (Top View) 
ha en2| [sco] Y | a Kot 1 
| Seema Falla | | Peace beat | 
2.5(0.1) . 1, Anode 
tb. _ g orae 
19.0(0.748) H 4, Collector 
24.5(0.964) gers ee 








Light Window ¢ 2.0(¢ 0.078) 





10(0.394) 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 








(0.394 MIN.) 
















; Diode 

| (00.018) Reverse Voltage VR 5.0 Vv 

sa 2s) ic Forward Current IF 50 mA 
[_ Power Dissipation Pp 100 mW 

: Transistor 

TSSEC USM ToE SMtening Fine Collector to Emitter Voltage | VcEo 30 Vv 
PULSE INPUT 4 Collector Current Ic 40 mA 
Gees v6) te Power Dissipation Pc 100 mW 

oe Storage Temperature Tstg -40to+100 °C 

Operating Temperature Topt ~20to+ 80 °C 





CHARACTERISTICS : . | UNIT TEST CONDITIONS 
a (ae Bol ioe 
(Forward Voltage 5 : Vv IF =20 MA 








ie he 
Diode Reverse Current LA VR=4.0V 





—+ 


Junction Capacitance V=0, f=1.0 MHz 
at 





Transistor | Collector to Emitter Dark Current : VceE=10 V, IF=0 





—t s 
Output Current | lF=10 mA, VcE=2.0 V 
Collector Saturation Voltage : Vv | lF=10 mA, Ic=50 uA 
4 
[_Rise Time [us | Vec=5.0 V, 1¢=50 HA, RL=100 2" 
Fall Time lous | Voe=5.0 V, 1¢=50 HA, RL=100 2* 
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PS4008 IVE ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 





MAX. FORWARD CURRENT vs. FORWARD CURRENT vs. 
AMBIENT TEMPERATURE FORWARD VOLTAGE 
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VcE—Collector —Emitter Voltage —V 


COLLECTOR DARK CURRENT vs, 
AMBIENT TEMPERATURE OUTPUT CHARACTERISTIC 






















































































Normalized Output Level 
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NEC 


ELECTRON DEVICE 





SKETCH 


FEATURES 


® Bright green, Bright red. 
@ Low cost. 


PRELIMINARY SPECIFICATION 
LIGHT EMITTING DIODE 


SB101,SB101A 


LED BAR GRAPHIC DISPLAY 


®@ Very suitable for bar graphic display of cassette deck. 


@ 16 LED bar, 2 lines. 


ABSOLUTE MAXIMUM RATINGS 


Forward Current (DC) 


Forward Current (pulse duty 1/4, PWS 3 ms) 


Reverse Voltage 
Operating Temperature 
Storage Temperature 


IF 

IE (pulse) 
VR 
Topt 
Tstg 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC 
Forward Voltage (red) 
Forward Voltage (green) 
Reverse Current (red, green) 
Luminous intensity (red) 
Luminous Intensity (green) 
Peak Emission Wavelength (red) 


Peak Emission Wavelength (green) 


ly 
Apeak 
Apeak 





Spectral Line Half Width ed) | aa +d) —~*d 
Spectral Line Half Width (green) Se hea 
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20 

60 

3 
—20 to +60 
-20 to +75 





—NEPOC SERIES— 








mA/seg. 
mA/seg. 


a 
i 6 





VR=3V 
IF=15mA 


Ip =10mA 


t = 
IF =10 mA 





SB101,SB101A INE ELECTRON DEVICE 





PACKAGE DIMENSIONS 


in millimeters (inches) 
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[VHC & ELECTRON DEVICE $B101,SB101A 


‘» ; 
Red 


SEGMENT CHARACTERISTICS 








$B101 Red 








SB101A 





TYPICAL CHARACTERISTICS (Ta=25 °C) 


FORWARD CURRENT vs. FORWARD CURRENT vs. 
FORWARD VOLTAGE . FORWARD VOLTAGE 














{¢ —Forward Current—mA 
lp —Forward Current—mA 






























































VF ~ Forward Voitage—V VF~—Forward Voltage—V 
SPECTRAL DISTRIBUTION SPECTRAL DISTRIBUTION 
2 2 
4 ¢ 
o ®o 
= a 
% ® 
Oo x) 
v4 a 
A—Wavelength—nm A—Wavelength—nm 


$B101,SB101A INEG tiectron pevice 


MAX. FORWARD CURRENT vs. 
AMBIENT TEMPERATURE 


duty 1/4,PWs 3 ms 





MAX. Forward Current—mA 




















Ta—Ambient Temperature —°C 
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NEC 


ELECTRON DEVICE 


LIGHT EMITTING DIODE 


SESO1TA 


GaAs INFRARED EMITTING DIODE 


INDUSTRIAL USE 


DESCRIPTION 


— NEPOC SERIES — 


The SE301A is a GaAs (Gallium Arsenide) Infrared Emitting Diode which is mounted on a TO-18 hermetically sealed header 
with a glass lens. On forward bias, it emits a spectrally narrow band of radiation peaking at 940nm. The close wavelength 
match of this device to silicon sensors makes it ideally suited for all source-sense applications. Its low cost and volume pro- 
ducibility open new areas of use anywhere an infrared source is desirable. 


PACKAGE DIMENSIONS 


in millimeters (inches) 
$5.35 783 
TO-18 (0.211) 
Header 
With 
Glass Lens. 





0.4(0.016) 4.1 
7.5MAX. 
(0.295MAX.) 


(0.5MIN.) 





1. Cathode 
2. Anode(Case) 


* Soldering conditions are at 260°C or less 
within 5sec. at 1.5 mm or farther from 
the case. 


(Bottom View) 


FEATURES 


® Low cost. 

@ High output power - 3mW MIN. 
@ Fast switching time. 

®@ Long life-solid state reliability. 
@ Compact, rugged, lightweight. 


® Spectrally matched to silicon sensors. 


APPLICATIONS 


@ Paper tape and punch card readers. 
® Optical encoders. 

@ Photochoppers. 

@ High speed optoelectronic data links. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Power Dissipation (Ta = 25°C) P 
Maximum Forward Current (Ta = 25°C) iT 
Maximum Pulse Forward Current (Ta=25°C) !Fp” 
Maximum Reverse Voltage (Ta = 25°C) VR 
Maximum Temperatures 
Junction Temperature Tj 
Storage Temperature T stg 


ELECTRO-OPTICAL CHARACTERISTICS (Ta = 25°C) 







Forward Voltage VF 


Pulse Forward Voltage 


CHARACTERISTIC SYMBOL | MIN. | 















Capacitance 

















Peak Emission Wavelength 















Spectral Line Half Width 
Output Power 








Peak Output Power 


Light Turn-On and Turn-Off 


ton: toff 


















TYP. 
2.0 
100 








150 
100 

1.0 
5.0 


125 
-65 to +125 





= 
a 
aaa 
= 


m 
cad 





*£=1.0 kHz, duty cycle 1% 


60 


mW 
mA 


°c 
°C 


UNIT TEST CONDITIONS 


7 
v : 
pF V =0, f= 1.0 MHz 
nm Ip =50mA 
Ww IEP =1.0A 





SE301A 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


Relative Output Power 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 
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100 





80 


60 





40 





lp ~Forward Current—mA 


20 























0 0.5 1.0 1.5 2.0 2.5 
Vp —Forward Voltage ~V 


RELATIVE OUTPUT POWER vs. 
AMBIENT TEMPERATURE 
































-—-20 0 20 40 60 80 100 =120 
Ta—Ambient Temperature—°C 


SPECTRAL DISTRIBUTION 




















Relative Output Power 





























900 920 940 960 980 1000 


A—Wavelength —nm 
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N. E Cc ELECTRON DEVICE 


MAX. FORWARD CURRENT vs. 
AMBIENT TEMPERATURE 
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NEC 


ELECTRON DEVICE 


LIGHT EMITTING DIODE 


SE302A 


GaAs INFRARED EMITTING DIODE 
INDUSTRIAL USE 


DESCRIPTION 


— NEPOC SERIES — 


The SE302A is a GaAs (Gallium Arsenide) Infrared Light Emitting Diode which is mounted on the lead frame and molded in 
clear plastic lens. On forward bias, it emits a spectrally narrow band of radiation peaking at 940 nm. The close wavelength 
match of this device to silicon sensors makes it ideally suited for all source-sense applications. Its low cost and volume pro- 
ducibility open new areas of use anywhere an infrared source is desirable. 


FEATURES 


PACKAGE DIMENSIONS 


in millimeters (inches) 


2.4 MAX. 
(0.094 MAX.) 








. ee o 
45 
0,51 
(0.02) 
Fe 7 
<s z\zZ 
20 zis 
eae 318 
0.4 (ees 
Black Mark (0.016) 








1. Anode 
2. Cathode 


* Soldering conditions are at 260 °C or less 


@ Low cost. 

® High Output Power 

@ Fast Switching Time. 

®@ Long Life-Solid State Reliability. 
® Compact, Rugged, Lightweight. 


@ Spectrally Matched to Silicon Sensors. 
(Good Compatibility with darlington Photo transistor (PH101).) 


® Easily assembled in linear arrays. 
® Compatible with integrated circuits. 


APPLICATIONS 


@ Electro optical switches. 

® Card and tape reader sources. 

® Optical Encoders. 

@ Photochoppers, Isolator. 

®@ High Speed Optoelectronic Data Links. 
® Photo coupler. 


ABSOLUTE MAXIMUM RATINGS 


within 5s at 3 mm or farther from the Maximum Power Dissipation (Ta = 25 °C) P 75 mw 
oe Maximum Forward Current (Ta = 25 °C) Ip 50 mA 
Maximum Reverse Voltage (Ta = 25 °C) VR 3.0 Vv 
Maximum Temperatures 
Junction Temperature Tj 80 °C 
Storage Temperature Tstg -30 to +80 °c 


ELECTRO-OPTICAL CHARACTERISTICS (Ta =25 °C) 
CHARACTERISTIC SYMBOL 


TEST CONDITIONS 





Forward Voltage 





{-=30 mA 





Reverse Current 





VR =3.0V 





Capacitance 


V =0, f = 1.0 MHz 





Peak Emission Wavelength 


Spectral Line Half Width 








tp =30 mA 
le =30 mA 








Output Power 








Light Turn-On and Turn-Off ton, toff 








A2 


SE302A 


TYPICAL 


MAX. Forward Current—mA 


Relative Output Power 


Relative Output Power 


CHARACTERISTICS (Ta = 25 °C) 


MAX. FORWARD CURRENT vs. 
AMBIENT TEMPERATURE 


60 


50 





40 




















0 20 40 60 80 100 


Ta—Ambient Temperature — °C 


RELATIVE OUTPUT POWER vs, 
FORWARD CURRENT 
































0 10 20 30 40 50 


|. — Forward Current—mA 


SPECTRAL DISTRIBUTION 


























A- Wavelength — nm 


Relative Output Power 


Relative Output Power 


\.— Forward Current —mA 





NEC ettectron pevice 





FORWARD CURRENT vs, 
FORWARD VOLTAGE 
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0.02 
0.01 





V,-—Forward Voltage —V 


RELATIVE OUTPUT POWER vs. 
AMBIENT TEMPERATURE 
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Ta—Ambient Temperature — °C 


SPATIAL DISTRIBUTION 








NEC LIGHT EMITTING DIODE 
ELECTRON DEVICE s E3 O 3A 


GaAs INFRARED EMITTING DIODE 


—NEPOC SERIES— 


DESCRIPTION 
The SE303A is a GaAs (Gallium Arsenide) Infrared Emitting Diode which is mounted on the lead frames and molded in plastic. 
On forward bias, it emits a spectrally narrow band of radiation peaking at 940 nm. 


FEATURES 
PACKAGE DIMENSIONS ®@ Economical. 


in millimeters 


® High output power. 

® Wide half angle. 

® Good linearity. 

® Spectrally matched to silicon sensors. 
® Long lead. 


- 0.65 APPLICATIONS 
@ Light source for TV remote control. 
@ Light source for smoke detector. 
® Optical encoders. 





; ®@ Photochoppers, Isolator. 
ABSOLUTE MAXIMUM RATINGS 
Maximum Power Dissipation (Ta=25 °C) Pp 150 mW 
Maximum Forward Current (Ta=25 °C) le 100 mA 
Maximum Pulse Forward Current (Ta=25 °C) Iep* 1.0 A 
1. Anod : =9R° 
a ecu Maximum Reverse Voltage (Ta=25 °C) VR 5.0 Vv 
Maximum Temperatures 
Junction Temperature Tj +80 “C 
Storage Temperature Tstg -30to +80 °C 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 


Tessa 








Output Power 


TF 
= 
aw 








Peak Output Power 


Light Turn-On and Turn-Off 





*f=1.0 kHz, duty cycle 1% 


SE303A 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


MAX. FORWARD CURRENT vs. 
AMBIENT TEMPERATURE 














IF — Forward Current—mA 





MAX. Forward Current—mA 











Ta—Ambient Temperature — CT 


OUTPUT POWER vs. 
FORWARD CURRENT 














Relative Intensity 


Po-— Output Power —mW 












































0 20 40 60 80 


100 120 


if —Forward Current—mA 


HANDLING PRECAUTIONS: 


1. The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 
(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5 s. 
(b) If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility that 
open or short circuit occurs due to the deformation or destruction of the resin will increase. 


2. Oncleaning the device: 


1.0 


0 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 
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Ve —Forward Voitage—-V 


SPECTRAL DISTRIBUTION 


Ve 




















900 920 
A —Wavelength—nm 


1000 


Relative intensity 





Relative Intensity 


NEC ttectron vevice 


RELATIVE INTENSITY vs. 
AMBIENT TEMPERATURE 






































Ta-—Ambient Temperature — ‘C 


SPATIAL DISTRIBUTION 


Cus 


§ 


aN 


wwe 
Pe 
xX 
vO 
ao 


dea 
SOT 


Ps 





88s 

ry 

th 
{? 








(a) Cleaning with unsuitable solvent may impair the resin of.the package and the following solvents should be used at the 
temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, lsopropy!-alcohol 
(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it sbould be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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NEC 


ELECTRON DEVICE 


LIGHT EMITTING DIODE 


SE304 


GaAs INFRARED EMITTING DIODE 


PACKAGE DIMENSIONS 


in millimeters (inches) 








5.0 
(0.197) 
3.25 
4-R 0.5 (0.128) 
(RO.019) 8 
= 
eo 
el a} 
om! 
86 
0.45 a 
0.45 o8 
(0.018) ll (0.018) “s 
| oes 


One® 
(0.102) ® 


@ Cathode @ 
@ Anode 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
CHARACTERISTIC SYMBOL 


—NEPOC SERIES— 


The SE304 is a GaAs(Gallium Arsenide) Infrared LED in a plastic 


molded package, and very suitable for a detecter of a photo interrupter. 


On forward bias, it emits a spectrally narrow band of radiation peaking 


at 940 nm. 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 


Power Dissipation 
Forward Current 
Reverse Voltage 
Junction Temperature 


Storage Temperature 


Pp 100 mW 
tr 50 mA 
VR 5 V 

T 100 0 


Tstg  -40 to +100 °C 


TEST CONDITIONS 








Forward Voltage Ve 


Ie 
| lF=30 mA 





Reverse Current IR 


VR=3sVv 








Capasitance Cy 


V=0, f= 1.0 MHz 








Peak Emittion Wavelength 


Ip =30 mA 








Spectral Line Half Width 7 i 





Output Power Po 

















Light Turn-On and Turn-Off ton, toff 
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nm Ie = 30 mA 
mw jp =30 mA 


Ip =30 mA 


SE304 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


tp — Max. Foward Current— mA 


Relative Luminous Intensity 


Relative Luminous Intensity 


MAX. FORWARD CURRENT vs. 
AMBIENT TEMPERATURE 
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50 





40 
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0 20 40 60 80 100 


Ta— Ambient Temperature—°C 


RELATIVE LUMINOUS INTENSITY vs. 
FORWARD CURRENT 
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IF— Forward Current— mA 


SPECTRAL DISTRIBUTION 



































0 900 920 940 960 980 1000 
A— Wave Length—nm 
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N. EF C ELECTRON DEVICE 


FORWARD CURRENT vs. FORWARD VOLTAGE 


lp —Forward Current— mA 


Relative Luminous Intensity 
































0.5 1.0 1:5 2.0 


Ve— Forward Voltage—V 


RELATIVE LUMINOUS INTENSITY vs. 
AMBIENT TEMPERATURE 
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Relative Response 





Ta— Ambient Temperature—°C 


SPATIAL DISTRIBUTION 
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NEC LIGHT EMITTING DIODES 


Canes SG203DA, SG203TA 


GaP HIGH INTENSITY LED 


Green 
—NEPOC SERIES— 


DESCRIPTION 


The SG203DA and SG203TA are full resin-molded LED lamps and emit bright and vivid green light. They are especially 
suitable for such electronic equipments as for audio uses which require high brightness displays. 





FEATURES 
PACKAGE DIMENSIONS ®@ High intensity. 
in millimeters , 
@ Wide angle. 
$G203DA ¢ 48+03 ®@ Long lead. 
Placticlanee = tease 














SG203TA ®@ Compatible with integrated circuits. 
Green Clear 
Plastic lens. & 
APPLICATIONS 
= ® Visual displays. 
@ Guard system. 
® Mobile equipment readout. 
@ Stereo equipment readout. 
il ®@ Transceiver readout. 
ABSOLUTE MAXIMUM RATINGS 
a Maximum Power Dissipation (Ta=25 °C) P 100 mW 
1-3 Maximum Forward Current (Ta=25 °C) If 40 mA 
Maximum Reverse Voltage (Ta=25 °C) Vr 5 V 
Maximum Temperatures 
Junction Temperature Tj 100 2¢ 
1. Anode Storage Temperature Tstg —40 to +100 °C 


2, Cathode 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL . . , TEST CONDITIONS 
Forward Voltage Ve 

















Reverse Current 


uA 
Capacitance V =0,f = 1.0 MHz 











i ly med I- =20mA 
: iy 


med Il- =20mA 


Luminous Intensity (SG203DA) 


Luminous Intensity (SG203TA) 











S$G203DA,SG203TA NEC ttectnon vevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


























































































































































































































MAX. FORWARD CURRENT vs. FORWARD CURRENT vs. RELATIVE INTENSITY vs. 
AMBIENT TEMPERATURE FORWARD VOLTAGE AMBIENT TEMPERATURE 
50 
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Ta—Ambient Temperature—°C 
RELATIVE INTENSITY vs. 
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500 520 540 560 580 600 620 


0 10 20 30 40 50 A—Wavelength—nm 
\p—Fowrard Current—mA 








HANDLING PRECAUTIONS: 


1. The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 


(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5 s. 


(b) If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility that 
open or short circuit occurs due to the deformation or destruction of the resin will increase. 





2. Oncleaning the device: 


(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at the 
temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, lsopropyl-alcohol 


(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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NEC LIGHT EMITTING DIODES 
arcane SG205D,SG205T 


GaP LIGHT EMITTING DIODE 


GREEN 
—NEPOC SERIES— 


DESCRIPTION 
The SG205D, SG205T are Gap (Gallium Phosphide) Light Emitting Diodes which are mounted on the lead frames and 


molded in green diffused, green clear plastic respectively. They are ideally suited for front panel indicator applications. 










FEATURES 
PACKAGE DIMENSIONS — 
®@ Long life — solid state reliability. 
in millimeters (inches) 
® Low cost. 
30t 0.2 
(¢0.118) ® High intensity with low current. 
$G205D: 2.74 0.2'(¢0.106) . . 
Green Diffused Plastic lons. ® Versatile mounting on PC board or panel. 
SG205T: ics @ Compatible with Integrated Circuits. 
© 
Green Clear Plastic lens. N @ Fast switching time. 
o 





N 
om 
To! Ls 10° 
sgt 3 APPLICATIONS 
So [05 p . 
ols |_ (29,02) © Visual displays. 
= rsp) 
5 S @ Guard system. 
0.60.1 3 Z @ Radio, Stereo equipment readout. 
(0.024) S S ®@ Measuring instrument, terminal. 


i ABSOLUTE MAXIMUM RATINGS 
Maximum Power Dissipation (Ta= 25°C) P 100 mW 
(Bottom View) 

Maximum Forward Current (Ta = 25°C) IF 40 mA 

1. Anode 
2. Cathode Maximum Reverse Voltage (Ta = 25°C) VR 5 V 

* Soldering conditions are at 260°C or less Maximum Temperatures 

Within Ssec. at 5 mm or farther from Junction Temperature Tj 80 °C 
ee Storage Temperature Tstg —30 to+80 °C 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL 


Reverse Current = ae 
Ax 





es 
i 
< 





| fF OV =0,f=1.0 MHz 
oe ee: 
ae 





Peak Emission Wavelength 


Spectral Line Half Width p 4a | | 30 | Ip =20 mA 
ivaliva ipa 20 mA 


*Iv1/lyv2: Luminous Intensity of SG205D/Luminous Intensity of SG205T 
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NEC ELECTRON DEVICE 


$G205D,SG205T 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


MAX. FORWARD CURRENT vs. 
AMBIENT TEMPERATURE 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 
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SPECTRAL DISTRIBUTION 


RELATIVE INTENSITY vs. 
FORWARD CURRENT 
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NEC LIGHT EMITTING DIODE 


—— SG206D,206T 


GaP LIGHT EMITTING DIODE 
— NEPOC SERIES — 


DESCRIPTION 
The SG206D, SG206T are GaP (Gallium Phosphide) Light Emitting Diodes which are mounted on the lead frames and molded 


in green diffused, green clear plastic respectively. They are ideally suited for front panel indicator applications. 


FEATURE 
PACKAGE DIMENSIONS . 
in millimeters (inches) @ Small size. 
uae ® Bright. 


(0.094MAX.) 
@ Easilly assembled in arrays. 











as: || ® Compatible with integrated circuits. 
Fe @ Fast switching time. 
. APPLICATIONS 
33 = : @ Visual Displays. 
me No ® Panel indicators. 
ion ®@ Desk top calculator readout. 
64 ® Portable equipment readout. 
a © Camera readout. 
ABSOLUTE MAXIMUM RATINGS 
SG206D: Green diffused plastic lens. 1. Anode Maximum Power Dissipation (Ta = 25°C) P 100 mW 
SG206T : Green clear plastic lens. 2. Cathode Maximum Forward Current (Ta = 25°C) IF 40 mA 
* Soldering conditions are at 260°C or less Maximum Reverse Voltage (Ta = 25°C) VR 4.0 Vv 
within Ssec. at 3 mm or farther from . 
she euear Maximum Temperatures 
Junction Temperature Tj 80 °C 
Storage Temperature Tstg -30 to +80 °C 


ELECTRO-OPTICAL CHARACTERISTICS (Ta = 25°C) 
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72 


SG206D,206T NEE ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


MAX. FORWARD CURRENT vs. FORWARD CURRENT vs, 
AMBIENT TEMPERATURE. FORWARD VOLTAGE 
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NEC 


ELECTRON DEVICE 


DESCRIPTION 


LIGHT EMITTING DIODE 


SG231D 


GaP FASHION LED 


Green 
—NEPOC SERIES— 


The SG231D is a full resin-molded LED lamp and has a circular flat face which emits brilliant green light uniformly. It is 
especially suitable for such electronic equipments as for audio uses which require some fancy looking displays. 


PACKAGE DIMENSIONS 


in millimeters 


$G231D: 
Green Diffused 
Plastic lens, 


















2. Cathode 


FEATURES 


® Circular flat face type 

®@ Low cost. 

@ Long lead. 

® Bright green. 

® Compatible with Integrated Circuits. 

@ Red (SR531D) and amber (SY431D) LED’s are available 
in the same pkg. 


APPLICATIONS 
@ Visual displays. 
® Radio, Stereo equipment readout. 
® Measuring instrument, terminal. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Power Dissipation (Ta=25 °C) P 100 mW 
Maximum Forward Current (Ta=25 °C) IF 40 mA 
Maximum Reverse Voltage (Ta=25 °C) VR 5 Vv 
Maximum Temperatures 
Junction Temperature Tj 100 %C 
Storage Temperature Tstg —40 to +100 °C 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC 


SYMBOL 


‘TEST CONDITIONS 





Forward Voltage 


VF 


Ile =10 mA 








Reverse Current 


IR 





dT VR =45V 
| ES reser 





Capacitance 


Cr 





V=0, f= 1.0 MHz 





Peak Emission Wavelength 


Apeak 





Spectral Line Half Width 


Ar 


I-F=10 mA 
Ip =10 mA 

















Luminous Intensity 





ly 


Ip =10 mA 
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$G231D 


NEC tirctron vevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


MAX. Forward Current—mA 


Relative Intensity 


MAX, FORWARD CURRENT vs. FORWARD CURRENT vs. RELATIVE INTENSITY vs. 
AMBIENT TEMPERATURE FORWARD VOLTAGE AMBIENT TEMPERATURE 
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A —Wavelength —nm 
ip —Forward Current —mA 


HANDLING PRECAUTIONS: 


1. 


The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 

semiconductor devices as they have less additives. Therefore please note on the following points. 

(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5 s. 

(b) If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility that 
open or short circuit occurs due to the deformation or destruction of the resin will increase. 


On cleaning the device: 
(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at the 
temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, Isopropy!-alcohol 
(b) Ultrasonic cleaning witl add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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NEC 


ELECTRON DEVICE 


DESCRIPTION 


GaP FASHION 


LIGHT EMITTING DIODE 


LED 
Green 


SG232D 


—NEPOC SERIES— 


The SG232D is a full resin-molded LED lamp and has a rectangular flat face which emits brilliant green light uniformly. It is 
especially suitable for such electronic equipments as for audio uses whieh require some fancy looking displays. 


PACKAGE DIMENSIONS 


in millimeters 


$G232D: 
Green Diffused 
Plastic lens. 














0.65 

A:¢@ 1.2 MAX. , 

B:¢ 08 ao 4 
1. Anode 
2. Cathode 


FEATURES 
®@ Rectangular flat face type 
®@ Low cost. 
® Long lead. 
® Bright green. 


® Compatible with Integrated Circuits. 


@ Red (SR632D) and amber (SY432D) LED’s are available 


in the same pkg. 


APPLICATIONS 
@ Visual displays. 
@ Peak level indicator. 
® Radio, Stereo equipment readout. 
®@ Measuring instrument, terminal. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Power Dissipation (Ta=25 °C) 


Maximum Forward Current (Ta=25 °C) 
Maximum Reverse Voltage (Ta=25 °C) 
Maximum Temperatures 

Junction Temperature 

Storage Temperature 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °c) 


CHARACTERISTIC 


| SYM BOL 


P 100 mW 
IF 40 mA 
Vr 5 Vv 

Tj 100 °C 


Tstg —40 to +100 °C 


TEST CONDITIONS 





Forward Voltage 


IF=10 mA 





Reverse Current 


Capacitance 


Peak Emission Wavelength 


VR=45V 





V=0, f= 1.0 MHz 
Ip = 10mA 











Spectral Line Half Width 





Luminous Intensity 





Ip =10mA 
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ip =10mA 





S$G232D TVA ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 
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HANDLING PRECAUTIONS: 


1. The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 


(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5 s. 


(b) If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility that 
open or short circuit occurs due to the deformation or destruction of the resin will increase. 





2. Oncleaning the device: 
(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at the 
temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, lsopropyl-alcohol 
(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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PRELIMINARY SPECIFICATION 


NEC LIGHT EMITTING DIODE 


ELECTRON ais S G 2 3 5 D 


FASHION LAMP 
Green 





—NEPOC SERIES— 





DESCRIPTION 
The SG235D is a full resin-molded LED lamp and has a rectangular flat face which emits brilliant green light uniformly. it is 
especially suitable for such electronic equipments as for audio uses which require some fancy looking displays. 










FEATURES 
PACKAGE DIMENSIONS ®@ Rectangular flat face type. 
in millimeters © Low cost. 
© 
$G235D: Hong lead. 
Green Plastic = ® Bright green. 
Package. "3. 


® Compatible with Integrated Circuits. 
@ Red (SR535D) and amber (SY435D) LED's are available in the 
same pkg. 


573.2 





APPLICATIONS 
@ Visual displays. 
®@ Peak level indicator. 
® Radio, Stereo equipment readout. 
@ Measuring instrument, terminal. 





A(1.05) 


ABSOLUTE MAXIMUM RATINGS 















Maximum Power Dissipation (Ta=25°C) P 100 mW 
Aug 1.2 MAX. Maximum Forward Current (Ta= 25 °C) Ip 40. mA 
seeeuue Maximum Reverse Voltage (Ta= 25 °C) VR 5 Vv 
o i enone ; Maximum Temperatures : 
Junction Temperature Tj 100 Cc 
Storage Temperature Tstg —40 to +100 °C 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 


ee 
pes [| mes 





IF=10 mA 
IF=10 mA 


Spectral Line Half Width 


Luminous Intensity 
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S$G235D NEC etectron o€vice 





TYPICAL CHARACTERISTICS (Ta=25 °C) 


MAX. FORWARD CURRENT vs. FORWARD CURRENT vs. RELATIVE INTENSITY vs. 
AMBIENT TEMPERATURE FORWARD VOLTAGE AMBIENT TEMPERATURE 
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lp —Forward Current—mA 
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RELATIVE INTENSITY vs. SPECTRAL DISTRIBUTION 
FORWARD CURRENT 
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lp —Forward Current —mA 


HANDLING PRECAUTIONS: 
1. The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 
(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260°C and within 5 s. 
(b) {f the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility 
that open or short circuit occurs due to the deformation or destruction of the resin will increase. 





2. On cleaning the device: 
(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at 
the temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, lsopropyl-alcohol 
(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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PRELIMINARY SPECIFICATION 


NEC LIGHT EMITTING DIODE 


ELECTRON DEVICE SG2Z238D 


FASHION LAMP 
Green 





—NEPOC SERIES— 





DESCRIPTION 


The SG238D is a full resin-molded LED lamp and has a rectangular flat face which emits brilliant green light uniformly. It is 
especially suitable for such electronic equipments as for audio uses which require some fancy looking displays. 


FEATURES 
PACKAGE DIMENSIONS @ Rectangular flat face type. 


in millimeters @ Low cost. 














$G238D: ss e Eong lead. 
Green Plastic 2,540.2 ® Bright green. 
Package. Jo40'2 ® Compatible with Integrated Circuits. 
1.8+0.2 ® Red (SR538D) and amber (SY438D) LED’s are available in the 
same pkg. 
APPLICATIONS 


@ Visual displays. 
@ Peak level indicator. 


- @ Radio, Stereo equipment readout. 
0.6 @ Measuring instrument, terminal. 

< 

<= 

= 


ABSOLUTE MAXIMUM RATINGS 


Part A1.05 





Part B0.6 





Maximum Power Dissipation (Ta=25°C) P 100 mW 





i 
2 . 
SS 











Part A 
owe Maximum Forward Current (Ta=25 °C) Ip 40 mA 
$0.8 MAX. a Maximum Reverse Voltage (Ta = 25 °C) Ve 5 V 
CD A ; anade : Maximum Temperatures 
Junction Temperature Tj 100 "6 
Storage Temperature Tstg ~40to+100 °C 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC ; . TEST CONDITIONS 
—_——_——_—__--_4 
Forward Voltage : : le =10 mA 


Peak Emission Wavelength Apeak IF=10 MA 





























t 
Spectral Line Half Width A lp =10 mA 














A 
Luminous Intensity ly 
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SG238D NEC etectron evice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 
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HANDLING PRECAUTIONS: 
1. The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 
(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5s. 
(b) If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility 
that open or short circuit occurs due to the deformation or destruction of the resin will increase. 





2. On cleaning the device: 
(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at 
the temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, |lsopropy!-alcohol 
(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not-have any problem on the devices. 
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PRELIMINARY SPECIFICATION 


NEC LIGHT EMITTING DIODE 
ELECTRON DEVICE SG23 9 D 


FASHION LAMP 
Green 





—NEPOC SERIES— 





DESCRIPTION 


The SG239D is a full resin-molded LED lamp and has a rectangular flat face which emits brilliant green light uniformly. It is 
especially suitable for such electronic equipments as for audio uses which require some fancy looking displays. 


















[ FEATURES 
PACKAGE DIMENSIONS ® Rectangular flat face type. 
in millimeters ® Low cost. 
SG239D: ® Long lead. 
Green Plastic ®@ Bright green. 
renee 5 — @ Compatible with Integrated Circuits. 
ee a 2,540.2 © Red (SR539D) and amber (SY439D) LED’s are available in the 
¢ .8340.2}4 same pkg. 
APPLICATIONS 


® Visual displays. 

@ Peak level indicator. 

@ Radio, Stereo equipment readout. 
@ Measuring instrument, terminal. 





Part A(1.05) 








6 
ABSOLUTE MAXIMUM RATINGS 








Part B(0.6) 0. 
Maximum Power Dissipation (Ta=25°C) P 100 mW 
Buea coewats 1c Maximum Forward Current (Ta=25°C) Ig 40 mA 
Part Ag 1.2 MAX. Maximum Reverse Voltage (Ta=25 °C) Vr 5 Vv 
1. Anode Maximum Temperatures 
ao eewade Junction Temperature T; 100 2C 





Storage Temperature Tstg ~40 to +100 °C 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 


TYP. MAX. UNIT TEST CONDITIONS 


5 
10 








Ip =10 mA 
Ip =10 mA 
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SG239D NEC ctectron vevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


MAX. FORWARD CURRENT vs. FORWARD CURRENT vs. RELATIVE INTENSITY vs. 
AMBIENT TEMPERATURE FORWARD VOLTAGE AMBIENT TEMPERATURE 
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lp —Forward Current—mA 
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IF —Forward Current —mA 


HANDLING PRECAUTIONS: 
1. The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 
(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260°C and within 5 s. 
(b) If the temperature of the molded portion rises in addition to the residual stress- between the leads, the possibility 
that open or short circuit occurs due to the deformation or destruction of the resin will increase. 





2. On cleaning the device: 
(a) Cieaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at 
the temperature of less than 45 °C and for less than 8 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol ' 
Difron-solvent, lsopropyl-alcohol 
(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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NEC LIGHT EMITTING DIODE 
ELECTRON DEVICE SR106C A 


GaAsP LIGHT EMITTING DIODE 
RED 


— NEPOC SERIES — 


DESCRIPTION 


The SR106CA is a GaAsP (Gallium Arsenide Phosphide) Light Emitting Diode which is mounted on the lead frames and 
molded in clear plastic. {t is ideally suited for front panel indicator applications. 


FEATURES 
PACKAGE DIMENSIONS 
in millimeters (inches) @ Small size. 
2.4MAX, © 30° Viewing Angle at 60% Brightness. 
a © Bright. 
AS" 1 rn @ Easily assembled in arrays. 
tp | ®@ Compatible with Integrated Circuits. 








® Fast switching time. 
Clear Plastic 
lens 








‘ss APPLICATIONS 

25 z eer 

a z\s ©@ Visual displays. 
= ses q ® Dial indicators. 


@ Portable equipment readout. 
@ Camera readout. 
® Desk top Calculator readout. 


0.64 
(0,025) 








ia 2 | ABSOLUTE MAXIMUM RATINGS 
Maximum Power Dissipation (Ta = 25°C) P 80 mW 
: pascal Maximum Forward Current (Ta = 25°C) IF 40 mA 
* Soldering conditions are at 260°C or less Maxinntim everse! Voltage (185 257C) VR 2 ¥ 
Within 5sec. at 3mm or farther from Maximum Temperatures 
mnectese. Junction Temperature Tj 80 °c 
Storage Temperature Tstg -30 to +80 °c 


ELECTRO-OPTICAL CHARACTERISTICS (Ta = 25°C) 
Y L : : . T NDITIONS 
CHARACTERISTIC SYMBO EST CO 
Forward Voltage ‘ ‘ Ip = 20mMA 








Reverse Current 











Capacitance . V =0, f = 1.0MHz 





Peak Emission Wavelength ( I- = 20mA 

















Spectral Line Half Width 3 Ip =20mA 














Luminous Intensity ; ; Ip = 20mMA 


84 


SR106CA 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


MAX. Forward Current— mA 


Relative luminous Intensity 


MAX. FORWARD CURRENT vs. 
AMBIENT TEMPERATURE 


0 20 40 60 80 
Ta~Ambient Temperature—°C 
RELATIVE LUMINOUS INTENSITY vs. 
FORWARD CURRENT 
2 


Relative Luminous Intensity 


10 20 30 40 


lr —Forward Current—mA 


SPECTRAL DISTRISUTION 





Benes 2h aeose 
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\p—- Forward Current— mA 


lative Luminous Intensity 


NEC ttsctron vevice 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 


20 


0 0.5 1.0 1.5 2.0 


Vr—Forward Voltage—V 


RELATIVE LUMINOUS INTENSITY vs. 
AMBIENT TEMPERATURE 





Ta—Ambient Temperature—°C 
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NEC LIGHT EMITTING DIODES 


ELECTRON DEVICE ts Pe 
SR106D,SR106C 
GaAsP LIGHT EMITTING DIODE 
(RED) 
— NEPOC SERIES — 


DESCRIPTION 


The SR106D, SR106C are GaAsP (Gallium Arsenide Phosphide) Light Emitting Diodes which are mounted on the lead frames 
and molded in red diffused, clear plastic respectively. They are ideally suited for front panel indicator applications. 


FEATURES 
PACKAGE DIMENSIONS 
in millimeters (inches) @ Small size. 
2.4MAX. ® Low cost. 
(0.094MAX.) . 
tetas AY ® Bright. 
We fl 1 @ Easily assembled in arrays. 
: . ® Compatible with Integrated Circuits. 


®@ Fast switching time. 


APPLICATIONS 








@ Visual displays. 

@ Dial indicators. 

® Portable equipment readout. 
®@ Camera readout. 

@ Desk top Calculator readout. 


3.0MAX. 
(0.118MAX.) 
22.0MIN. (0.866MIN.) 





Red Mark 





I. ABSOLUTE MAXIMUM RATINGS 
Maximum Power Dissipation (Ta = 25°C) P 80 mw 
SR106D: Red Diffused plastic lens. 1. Anode . 5 
SR106C : Clear plastic lens. 2. Cathode Maximum Forward Current (Ta = 25°C) Ie 40 mA 
. = Oo, : 
* Soldering conditions are at 260°C or less Maximum Reverse Voltage (Ta = 25°C) _VR 3.0 v 
Within Ssec. at 3mm or farther from Maximum Temperatures eS 
ERE CHSE Junction Temperature Tj 80 °C 
Storage Temperature Tstg -30 to +80 °C 


ELECTRO-OPTICAL CHARACTERISTICS (Ta = 25°C) 


. CHARACTERISTIC ' SYMBOL : : UNIT TEST CONDITIONS 


Forward Voltage 








Reverse Current 














Capacitance = 7 Pe V =0, f= 1.0 MHz 








Peak Emission Wavelength 
Spectral Line Half Width 





























Luminous Intensity 
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NEC 


LIGHT EMITTING DIODES 


eae SR503D,SR503C,SR503W 
Gap HIGH INTENSITY LED 
Red - - 


The SR503D, SR503C and SR503W are full resin-molded LED lamps which emit brilliant red light at comparably low 
current. They are especially suitable for such electronic equipments as battery-driven equipments, audio equipments 


etc. which require low power displays. 







PACKAGE DIMENSIONS FEATURES 
ae @ Low cost. 
in millimeters 
® High intensity with low current. 
® Compatible with integrated circuits, 
SR503D: 
Red Diffused Plastic lens. @® Long lead. 
SRS503C: : 2 
Clear Plastic lens. 3 © Wide view angle. 
cohen 3 ®@ Bright red. 


White Diffused Plastic lens. 


O8 APPLICATIONS 
@ Visual displays. 
Guard system. 


Radio, Stereo equipment readout. 








e 

e 

@ Measuring instrument, terminal. 
e 


Optical switching light source. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Power Dissipation (Ta=25 °C) P 60 mW 
Maximum Forward Current (Ta=25 °C) IF 30 mA 
. Anode 
- Cathode Maximum Reverse Voltage (Ta=25 °C) VR 5 Vv 


Maximum Temperatures 
Junction Temperature Tj 100 2G 
Storage Temperature Tstg —40to +100 °C 


ELECTRO-OPTICAL CHARACTERISTICS (Ta = 25 °C) 
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SR106D,SR106C 


TYPICAL CHARACTERISTICS (Ta= 25°C) 


MAX. Forward Current— mA 
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SPECTRAL DISTRIBUTION 
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Relative Luminous Intensity 


Relative: luminous Intensity 


lp—Forward Current— mA 


NEC ttectron pevice 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 











Vr—Forward Voltage—V 


RELATIVE LUMINOUS INTENSITY vs. 
CASE TEMPERATURE 
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SPATIAL DISTRIBUTION 








SR503D,SR503C,SR503W NEC rctron oevice 


TYPICAL CHARACTERISTICS (Ta =25 °C) 
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Ip — Forward Current — mA A= Wavelength'='nm 


HANDLING PRECAUTIONS: 
1. The full resin-moided LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 
(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 
5s. 


(b) if the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility 





that open or short circuit occurs due to the deformation or destruction of the resin will increase. 
2. On cleaning the device: 
(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used 
at the temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol Difron-solvent, Isopropyl-alcohol 
(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed 


by making an experiment at actual conditions that the cleaning does not have any problem on the devices. 


NEC LIGHT EMITTING DIODES 


ie SR505D,SR505C,SR505W 
Gap HIGH INTENSITY LED 
Red - - 


The SR505D, SR505C and SR505W full resin-molded medium-size LED lamps which emit brilliant red light at 
comparably low current. They are especially suitable for such electronic equipments as battery-driven equipments, 


audio equipments etc. which require low power displays. 








PACKAGE DIMENSIONS FEATURES 
in millimeters (inches) @ Low cost. 
@ High intensity with low current. 
SR505D: fe O18) ‘ : 
Red Diffused Plastic lens. : @ Compatible with integrated circuits. 
@ 2.7+0.2 (@ 0.106) 
SR505C: ‘ 


Clear Plastic lens, Bright red. 


SRSO5SW: 
White Diffused Plastic lens. 


APPLICATIONS 


Radio, Stereo equipment readout. 


(6.216 MAX) 
e 


10° 

Visual displays. 
"0.5 

(59,02) Guard system. 


e 
e 
@ Measuring instrument, terminal, 
@ Optical switching light source. 


ABSOLUTE MAXIMUM RATINGS 
i Maximum Power Dissipation (Ta=25 °C) P 60 mW 


16.0 MIN. (0.63 MIN.) 


3 Maximum Forward Current (Ta=25°C) If 30 mA 
Maximum Reverse Voltage (Ta=25 °C) VR 5 Vv 
Maximum Temperatures 


1.. Anode : Ss 
9. ‘Cathode Junction Temperature Tj 100 Cc 





Storage Temperature Tstg —40 to +100 "¢ 


ELECTRO-OPTICAL CHARACTERISTICS (Ta = 25 °C) 
CHARACTERISTIC MIN. | TYP. TEST CONDITIONS 


Forward Voltage IF =10mA 
Reverse Current | iRo | 


VR=45V 
Feapactee «dG 




















V =0, f = 1.0 MHZ 


Peak Emission Wavelength peak a IF =10mA 
1 
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Spectral Line Half Width 


Luminous Intensity (SR505D,SR505W) ly 
Luminous Intensity (SR505C) ly 
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SR505D,SR505C,SR505W NEC ctecrron oevice 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


















































































































































































































MAX. FORWARD CURRENT vs. FORWARD CURRENT vs. RELATIVE INTENSITY vs. 
AMBIENT TEMPERATURE FORWARD VOLTAGE AMBIENT TEMPERATURE 
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HANDLING PRECAUTIONS: 
1. The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 
(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 
5s. 


(b) If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility 





that open or short circuit occurs due to the deformation or destruction of the resin will increase. 
2. On cleaning the device: 
(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used 
at the temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol Difron-solvent, Isopropyl- alcohol 
(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed 


by making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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PRELIMINARY SPECIFICATION 






LIGHT EMITTING DIODE 
SR531D 


NEC 


ELECTRON DEVICE 





FASHION LAMP 


Red 
—NEPOC SERIES— 





DESCRIPTION 


The SR531D is a full resin-molded LED lamp and has a circular flat face which emits brilliant red light uniformly. It is 
especially suitable for such electronic equipments as for audio uses which require some fancy looking displays. 





FEATURES 
PACKAGE DIMENSIONS ®@ Circular flat face type. 
in millimeters 
@ Low cost. 
SR531D: ®@ Long lead. 
Red Diffused @ Bright red. 


Plastic lens. 
@ Compatible with Integrated Circuits. 


@ Green (SG231D) and amber (SY431D) LED’s are available in 
the same pkg. 





APPLICATIONS 
® Visual displays. 








@ Radio, Stereo equipment readout. 


@ Measuring instrument, terminal. 


ABSOLUTE MAXIMUM RATINGS 




















Maximum Power Dissipation (Ta=25 °C) P 60 mW 
Maximum Forward Current (Ta=25 °C) I 30 mA 
Maximum Reverse Voltage (Ta=25 °C) VR 5 Vv 
: = ae 2.54 Maximum Temperatures 
See Junction Temperature Tj 100 “C 
1. Anode : 
2, Cathode Storage Temperature Tstg —40to+100 ~C 


LL 





ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL ; : é UNIT TEST CONDITIONS 


Forward Valtage a. Ip = 10 mA 








Reverse Current VR=45V 
Capacitance V=0, f= 1.0 MHz 











Peak Emission Wavelength lp =10 mA 
Spectral Line Half Width IF =10 mA 
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SR531D 


N E C ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


40 


MAX. Forward Current— mA 


Relative intensity 


MAX. FORWARD CURRENT vs. 
AMBIENT TEMPERATURE 
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Ta~Ambient Temperature — T 


RELATIVE INTENSITY vs. 
FORWARD CURRENT 





























10 20 30 40 
lp —Forward Current—mA 


HANDLING PRECAUTIONS: 


1. The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 


Relative intensity 
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SPECTRAL DISTRIBUTION 
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(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5 s. 
(b) If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility 
that open or short circuit occurs due to the deformation or destruction of the resin will increase. 
2. On cleaning the device: 
(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at 
the temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol Difron-solvent, |sopropy-alcohol 
{b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and teh mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 





PFROLIIVEIVANT OF CUITIVAILIUIN 


NEC LIGHT EMITTING DIODE 


ELECTRON DEVICE | S R 5 2 5 D 


FASHION LAMP 
Red 








—NEPOC SERIES— 





DESCRIPTION 
The SR535D is a full resin-molded LED lamp and has a rectangular flat face which emits brilliant red light uniformly. [t is 
especially suitable for such electronic equipments as for audio uses which require some fancy looking.displays. 


FEATURES 
PACKAGE DIMENSIONS @ Rectangular flat face type. 
in millimeters 
@ Low cost. 
SR535D: == @ Long lead. 
Red Plasti , 
package,” @ Bright red. 
32 ®@ Compatible with Integrated Circuits. 


® Green (SG235D) and amber (SY435D) LED’s are available in 
the same pkg. 


APPLICATIONS 
® Visual displays. 
® Radio, Stereo equipment readout. 
@ Measuring instrument, terminal. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Power Dissipation (Ta=25°C) P 60 mW 
Maximum Forward Current (Ta=25°C) Ir 30 mA 
ae ty Maximum Reverse Voltage (Ta= 25 °C) VR 5 V 
B:g 0.8 MAX. Maximum Temperatures 
1. Anode Junction Temperature Tj 100 °C 
eae atta Storage Temperature Tstg —40to+100 °C 





SYMBOL p TEST CONDITIONS 
Forward Voltage Ve : : IF=10 mA 
Reverse Current a ee VR=45V 


Capacitance V=0, f=1.0 MHz 
Peak Emission Wavelength lp =10 mA . 
A SS 


t 
F 
Luminous Intensity : : 





SR535D 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


MAX: FORWARD CURRENT vs. 
AMBIENT TEMPERATURE 


MAX. Forward Current—mA 


Relative Intensity 


HANDLING PRECAUTIONS: 


& 


RELATIVE INTENSITY vs. 
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lp —Forward Current—mA 


40 


lp —Forward Current —mA 


Relative Intensity 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 
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Ve —Forward Voltage—V 


SPECTRAL DISTRIBUTION 
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N; E C ELECTRON DEVICE 





RELATIVE INTENSITY vs. 
AMBIENT TEMPERATURE 
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Ta—Ambient Temperature —°C 


1. The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 
Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5 s. 


{a) 
(b) 


2. On cleaning the device: 


(a) 


(b} 


!f the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility 
that open or short circuit occurs due to the deformation or destruction of the resin will increase. 


Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at 
the temperature of less than 45 °C and for less than 3 minutes of immersion time. 


Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, lsopropy!-alcohol! 


Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 





PRELIMINARY SPECIFICATION 







LIGHT EMITTING DIODE 


SR538D 


NEC 


ELECTRON DEVICE 





FASHION LAMP 
Red 


—NEPOC SERIES — 





DESCRIPTION 


The SR538D is a full resin-molded LED lamp and has a rectangular flat face which emits brilliant red light uniformly. It is 
especially suitable for such electronic equipments as for audio uses which require some fancy looking.displays. 


FEATURES 
PACKAGE DIMENSIONS @ Rectangular flat face type. 
in millimeters 
® Low cost. 
SR538D: -— @ Long lead. 
Red Plastic , 
Package. e Bright red. 


®@ Compatible with Integrated Circuits. 
@ Green (SG238D) and amber (SY438D) LED’s are availabie in 


the same pkg. 


APPLICATIONS 
@ Visual displays. 
® Radio, Stereo equipment readout. 


Part A1.05 @ Measuring instrument, terminal. 
Part BO.6 


ABSOLUTE MAXIMUM RATINGS 





Maximum Power Dissipation (Ta=25 °c) =P 60 mW 
sale Maximum Forward Current (Ta= 25 °C) Ip 30 mA 
eae Maximum Reverse Voltage (Ta= 25 °C) VR 5 Vv 
SONUEN, Maximum Temperatures 

1. Anode Junction Temperature T; 100 °C 
2. Cathode ° 
Storage Temperature Tstg —40 to +100 Cc 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL 
ve 








SR538D NEC tectron oevice 





TYPICAL CHARACTERISTICS (Ta=25 °C) 
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RELATIVE INTENSITY vs. SPECTRAL DISTRIBUTION 
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HANDLING PRECAUTIONS: 
1. The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 
(a) | Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5 s. 
(b) ‘If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility 
that open or short circuit occurs due to the deformation or destruction of the resin will increase. 





2. On cleaning the device: 
(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at 
the temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, lsopropyl-alcohol 
(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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NEC LIGHT EMITTING DIODES 


ELECTRON DEVICE S R603 D, Ss R603C . Ss R603W 


_GaAsP(N) HIGH INTENSITY LED 


Red 
—NEPOC SERIES— 


DESCRIPTION 

The SR603D, SR603C and SR603W are full resin-molded LED lamps which emit brilliant and uniform red light proportional 
with the forward current (I-). They are especially suitable for such electronic equipments as for audio uses which require 
bright, vivid displays. 


FEATURES 
PACKAGE DIMENSIONS ® Low cost. 


in millimeters ae : 
® High intensity. 


SR6O3D: @ 48403 ®@ Compatible with Integrated Circuits. 
Peneee : pert 
SR603C: @ Wide view angle. 
Plasti ; . 
Saeosue dais ‘ ® Bright red 
wns Diffused 08 
fastic Jens. : 0.65 
A(1.04) APPLICATIONS 


@ Visual displays. 
@ Guard system. 

















f @ Radio, Stereo equipment readout. 
A: 1.2 MAX. ® Measuring instrument, terminal. 
a S ® Optical switching light source. 


ABSOLUTE MAXIMUM RATINGS 





Maximum Power Dissipation (Ta=25 °C) P 100 mW 
Maximum Forward Current (Ta=25 °C) IF 50 mA 
Maximum Reverse Voltage (Ta=25 °C) Ve 5 V 
. Aisa Maximum Temperatures 
Junction Temperature Tj 100 °C 
Storage Temperature Tstg —40 to +100 °C 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL 


Forward Voltage F 
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Reverse Current 
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Spectral Line Half Width | aa 
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Luminous Intensity (SR603C) 





SR603D,SR603C,SR603W NEC etectron pevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 






















































































































































































































































































MAX. FORWARD CURRENT vs. FORWARD CURRENT vs. RELATIVE INTENSITY vs. 
AMBIENT TEMPERATURE FORWARD VOLTAGE AMBIENT TEMPERATURE 
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HANDLING PRECAUTIONS: 

1. The full resin-moided LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 
(a) Soldering of leads should be made at the poing 5 mm or more from the root of the leads at 260 °C and within 5 s. 


(b) If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility that 
open or short circuit occurs due to the deformation or destruction of the resin will increase. 


2. Oncleaning the device: 
(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at the 
temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, lsopropyl-alcohol 
(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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NEC LIGHT EMITTING DIODES 
HErTON oe SR6GO5D, SR6GO5C, SR6O5W 


GaAsP(N) HIGH INTENSITY LED 
Red 


—NEPOC SERIES— 


DESCRIPTION 

The SR605D, SR6O5C and SR6OSW are full resin-molded medium size LED lamps which emit brilliant and uniform red light 
proportional with the forward current (I-). They are especially suitable for such electronic equipments as for audio uses which 
require bright, vivid displays. 
















FEATURES 
PACKAGE DIMENSIONS lowcost 
in millimeters (inches) ; 
® High intensity. 
SD 4 $ 3040.2 © Compatible with Integrated Circuits. 
ITTust ° 
Plastic lens, ee ® Bright red. 
SR605C: $ 2.7+0.2(¢ 0.106) 
Sia lens, APPLICATIONS 
White Diffused \s @ Visual displays. 
Plastic fens. : 3 © Guard system 
at ae ea Ld ®@ Radio, Stereo equipment readout. 
. see @ Measuring instrument, terminal. 
18 lg © Optical switching light source. 
3/3 lz 
re Sicls ABSOLUTE MAXIMUM RATINGS 
Maximum Power Dissipation (Ta=25 °C) P 80 mW 
dae s i Maximum Forward Current (Ta=25 °C) Ip 40 mA 
(70.02) st Maximum Reverse Voltage (Ta=25 °C) VR 5 Vv 
Maximum Temperatures 
Junction Temperature Tj 100 *C 
Storage Temperature Tstg —40to+100 °C 
1. Anode 
2, Cathode 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC ; : UNIT TEST CONDITIONS 
Reverse Current VR=45V 

















Peak Emission Wavelength ; ip =10mA 








Spectral Line Haif Width ip =10mA 
Luminous Intensity (SR605D, SR605W) : IF =10mA 
Luminous Intensity (SR605C) Ip = 10 mA 
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SR605D, SR6O05C, SR6EO5W NEC tiectron vevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 








































































































































































































MAX. FORWARD CURRENT vs. FORWARD CURRENT vs. RELATIVE INTENSITY vs. 
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ip — Forward Current— mA A—Wavelength—nm 


HANDLING PRECAUTIONS: 

1. The full resin-moided LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 
(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5 s. 


(b) If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility that 
open or short circuit occurs due to the deformation or destruction of the resin will increase. 





2. On cleaning the device: 
(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at the 
temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, |sopropyl-alcohol 
(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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NEC 


ELECTRON DEVICE 


DESCRIPTION 


LIGHT EMITTING DIODE 


SR632D 


GaAsP(N) FASHION LED 


Red 
—NEPOC SERIES— 


The SR632D is a full resin-molded LED lamp and has a rectangular flat face which emits brilliant red light uniformly. It is 
especially suitable for such electronic equipments as for audio uses which require some fancy !ooking displays. 


PACKAGE DIMENSIONS 


in millimeters 


SR632D: 
Red Diffused 
Plastic lens. 











2.544£0.1 
A:@ 1.2 MAX. 
B:¢ 0.8 ss 7 : 





1. Anode 
2. Cathode 


FEATURES 


© Rectangular flat face type. 

®@ Low cost. 

® Long lead. 

®@ Bright red. 

®@ Compatible with Integrated Circuits. 

© Green (SG232D) and amber (SY432D) LED's are available 
in the same pkg. 


APPLICATIONS 


@ Visual displays. 
@ Radio, Stereo equipment readout. 
@ Measuring instrument, terminal. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Power Dissipation (Ta=25 °C) P 100 mW 
Maximum Forward Current (Ta=25 °C) Ie 40 mA 
Maximum Reverse Voltage (Ta=25 °C) VR 5 Vv 
Maximum Temperatures : 
Junction Temperature Tj 100 °C 
Storage Temperature Tstg —40 to +100 °C 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 













Spectral Line Half Width 


Luminous Intensity 


Peak Emission Wavelength 
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SR632D NEC ttrctron vevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 




















































































































































































































































































































MAX. FORWARD CURRENT vs. FORWARD CURRENT vs. RELATIVE INTENSITY vs. 
AMBIENT TEMPERATURE FORWARD VOLTAGE AMBIENT TEMPERATURE 
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HANDLING PRECAUTIONS: 

1. The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 
{a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5 s. 


(b) If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility that 
open or short circuit occurs due to the deformation or destruction of the resin will increase. 





2. Oncleaning the device: 
(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at the 
temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, Ilsopropyl-alcohol 
(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment. at actual conditions that the cleaning does not have any problem on the devices. 
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NEC 


DESCRIPTION 


LIGHT EMITTING DIODES 


= SY403DA,SY403TA 


GaAsP HIGH INTENSITY LED 
Amber 


—NEPOC SERIES— 


The SY403DA, SY403TA are full resin-molded LED lamps and emit bright and vivid amber light. They are especially suitable 
for such electronic equipments as for audio uses which require high brightness displays. 


PACKAGE DIMENSIONS 


in millimeters 






SY403DA @ 48403 
Amber Diffused @ 46+03 
Plastic lens. 

SY403TA 

Amber Clear 

Plastic lens. 


0.65 








A: 1.2 MAX. 
Bo 0.8 MAX 








(Bottom View) 


1. Anode 
2. Cathode 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 
CHARACTERISTIC SYMBOL 





FEATURES 
@ High intensity. 
@ Wide angle. 
®@ Long lead. 
® Good sensitivity — 590 nm. 
® Low cost. 


® Compatible with integrated circuits. 


APPLICATIONS 
@ Visual displays. 
@ Guard system. 
® Mobile equipment readout. 
@ Stereo equipment readout. 
© Transceiver readout. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Power Dissipation (Ta=25 °C) 
Maximum Forward Current (Ta=25 °C) 
Maximum Reverse Voltage (Ta=25 °C) 
Maximum Temperatures 

Junction Temperature 
Storage Temperature 


P 100 mW 
IF 40 mA 
Vr 5 V 

Tj 100 = °C 


Tstg —40 to +100 °C 


TEST CONDITIONS 





Forward Voltage 





Reverse Current 


[oe 
le =20 mA 











Capacitance 





Peak Emission Wavelength 


VR=45V 





V=0, f= 1.0 MHz 








Spectral Line Half Width 





Luminous Intensity (SY403DA) 
Luminous Intensity (SY403TA) 








Ip =20mA 
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SY403DA,SY403TA 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


MAX. Forward Current— mA 


Relative intensity 





























































































































































































































MAX. FORWARD CURRENT vs. FORWARD CURRENT vs. RELATIVE INTENSITY vs. 
AMBIENT TEMPERATURE FORWARD VOLTAGE AMBIENT TEMPERATURE 
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HANDLING PRECAUTIONS: 


1. 


The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 

semiconductor devices as they have less additives. Therefore please note on the following points. 

(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5 s. 

(b) If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility that 
open or short circuit occurs due to the deformation or destruction of the resin will increase. 


On cleaning the device: 
(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at the 
temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, Isopropyl-alcohol 
(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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NEC 


ELECTRON DEVICE 


LIGHT EMITTING DIODES 
SY405D,SY405T 


GaAsP LIGHT EMITTING DIODE 


DESCRIPTION 


AMBER 
—NEPOC SERIES— 


The SY405D, SY405T are GaAsP (Gallium Arsenide Phosphide) Light Emitting Diodes which are mounted on the lead 


frames and molded in Amber diffused, Amber clear plastic respectively. They are ideally suited for front panel indicator 


applications. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


$3.04 0.2 (0.118) 


$2.740.2 (0.106) 
| 
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°0.5 
(°0.02) 


2 


(Bottom View) 


1. Anode 
2. Cathode 


* Soldering conditions are at 260°C or less 
Within Ssec. at 5 mm or farther from 


the case. 


FEATURES 

@ Good sensitivity — 590nm 

@ Long life — solid state reliability. 

@ Low cost. 

® High intensity with low current. 

@ Versatile mounting on PC board or panel. 
® Compatible with Integrated Circuits. 

@ Fast SwitchingTime. 


APPLICATIONS 

@ Visual displays. 

® Guard System. 

@ Radio, Stereo equipment Readout. 
e 


Measuring instrument, terminal. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Power Dissipation (Ta=25°C) P 100 mw 
Maximum Forward Current (Ta=25°C) IF 40 mA 
Maximum Reverse Voltage (Ta=25°C) VR 5 V 
Maximum Temperatures 
Junction Temperature Tj 80 1 
Storage Temperature Tstg —30 to +80 °C 


ELECTRO-OPTICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC 





SYMBOL 


TEST CONDITIONS 





Forward Voltage 


VF 





IF =20mA 











Reverse Current 





Capacitance 


IR 


VR =45V 





Cr 


V=0,f=1.0 MHz 





Peak Emission Wavelength 


A peak 


oe Ie 








Spectral Line Half Width 


Sd 


IF = 20mA 








Luminous intensity 


Ivi/lv2* 

















* lyvi1/lyv2: Luminous Intensity of SY405D/Luminous Intensity of SY405T. 
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SY405D,SY405T NEC tectaon vevice 


TYPICAL CHARACTERISTICS (Ta = 25°C) 


MAX. FORWARD CURRENT vs. FORWARD CURRENT vs. 
AMBIENT TEMPERATURE FORWARD VOLTAGE 
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NEC LIGHT EMITTING DIODE 


ELECTRON DEVICE SY431D 


GaAsP FASHION LED 
Amber 


—NEPOC SERIES— 


DESCRIPTION 
The SY431D is a full resin-molded LED lamp and has a circular flat face which emits brilliant amber light uniformly. It is 


especially suitable for such electronic equipments as for audio uses which require some fancy looking displays. 


PACKAGE DIMENSIONS 





in millimeters FEATURES 
‘ © Circular flat face type. 
SY431D: 
Amber Diffused © Low cost. 
Plastic lens, @ Long lead. 


® Bright amber. 

®@ Compatible with Integrated Circuits. 

@ Red (SR531D) and green (SG231D) LED’s are available in 
the same pkg. 


APPLICATIONS 
@ Visual displays. 
®@ Radio, Stereo equipment readout. 











® Measuring instrument, terminal. 
ABSOLUTE MAXIMUM RATINGS 
Maximum Power Dissipation (Ta=25 °C) P 100 mW 
Maximum Forward Current (Ta=25 °C) IF 40 mA 
Maximum Reverse Voltage (Ta=25 °C) VR 5 Vv 
Maximum Temperatures 
Junction Temperature Tj 100 a © 
Storage Temperature Tstg —40to +100 °C 






1. Anode 
2. Cathode 





CHARACTERISTIC . : ; TEST CONDITIONS 
I-=10 mA 


“VR=45V 
V=0, f=1.0 MHz 
IF =10 mA 











Forward Voltage 











Reverse Current 








Capacitance 











Peak Emission Wavelength 














Spectral Line Half Width Ip =10 mA 

















Luminous Intensity 





SY431D NEC utctron vevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 






























































































































































































































































MAX. FORWARD CURRENT vs. FORWARD CURRENT vs. RELATIVE INTENSITY vs. 
AMBIENT TEMPERATURE FORWARD VOLTAGE AMBIENT TEMPERATURE 
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HANDLING PRECAUTIONS: 


1. The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 


(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5 s. 


(b) If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility that 
open or short circuit occurs due to the deformation or destruction of the resin will increase. 





2. Onctleaning the device: 
(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at the 
temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, lsopropyl-alcohol 
(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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i C LIGHT EMITTING DIODE 


ELECTRON DEVICE SY 432D 


FASHION LAMP 
Amber 


—NEPOC SERIES— 


DESCRIPTION 
The SY432D is a full resin-molded LED lamp and has a rectangular flat face which emits brilliant amber light uniformly. !t is 
especially suitable for such electronic equipments as for audio uses which require some fancy looking displays. 


FEATURES 
PACKAGE DIMENSIONS @ Rectangular flat face type. 
in millimeters 
@ Low cost. 
SY432D: ®@ Long lead. 
Amber Diffused ® Bright amber. 


Plastic lens, , 
® Compatible with Integrated Circuits. 


@ Red (SR632D) and green (SG232D) LED’s are available in 
the same pkg. 





APPLICATIONS 
@ Visual displays. 
@ Peak level indicator. 
@ Radio, Stereo equipment readout. 
® Measuring instrument, terminal. 





oe ABSOLUTE MAXIMUM RATINGS 
Maximum Power Dissipation (Ta=25 °C) P 100 mw 
Maximum Forward Current (Ta=25 °C) Ie 40 mA 
Maximum Reverse Voltage (Ta=25 °C) Vp 5 V 
Maximum Temperatures 
en Junction Temperature Tj 100 "Cc 
2. Cathode Storage Temperature : Tstg —40 to +100 Cc 


ELECTRO-OPTICAL CHARACTERISTICS (Ta = 25 °C) 


Forward Voltage 2.0 2.4 Vv Ip =10 mA 
Capacitance Ct ae . PF V =0,f=1.0 MHz 


Peak Emission Wavelength le: Ip =10 mA 
Spectral Line Half Width IF =10 mA 
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Luminous Intensity 
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SY432D NEC ttectron vevice 


50 


MAX. Forward Current —mA 


40 


30 


0 20 40 60 80 100 


TYPICAL CHARACTERISTICS (Ta = 25 ‘C) 


MAX. FORWARD CURRENT vs. FORWARD CURRENT vs. RELATIVE INTENSITY vs. 
AMBIENT TEMPERATURE FORWARD VOLTAGE AMBIENT TEMPERATURE 
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RELATIVE INTENSITY vs. 
EGR AAD CURRENT SPECTRAL DISTRIBUTION 
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HANDLING PRECAUTIONS: 


1. 


The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 

semiconductor devices as they have less additives. Therefore please note on the following points. 

(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5 s. 

(b) If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility that 
open or short circuit occurs due to the deformation or destruction of the resin will increase. 


On cleaning the device: 
(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at the 
temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, lsopropyl-alcohol 
(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PWB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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PRELIMINARY SPECIFICATION 


NEC i LIGHT EMITTING DIODE 


ELECTRON DEVICE SY435D 


FASHION LAMP 
Amber 





—NEPOC SERIES— 





DESCRIPTION 


The SY435D is a full resin-molded LED lamp and has a rectangular flat face which emits brilliant amber light uniformly. It is 
especially suitable for such electronic equipments as for audio uses which require some fancy looking displays. 


FEATURES 
PACKAGE DIMENSIONS ® Rectangular flat face type. 
in millimeters @ Low cost. 
SY435D: @ Long lead. 
ssh lag = : © Bright amber. 


® Compatible with Integrated Circuits. 
@ Red (SR535D) and green (SG235D) LED’s are available in the 
same pkg. 


APPLICATIONS 
®@ Visual displays. 
@ Peak level indicator. 
®@ Radio, Stereo equipment readout. 
@ Measuring instrument, terminal. 


ABSOLUTE MAXIMUM RATINGS 





Maximum Power Dissipation (Ta=25 °C) P 100 mw 
Aig 1.2 MAK. Maximum Forward Current (Ta=25°C) ~— Ip 40 mA 
B:4 0.8 MAX. Maximum Reverse Voltage (Ta = 25 °C) VR 5 V 
: 1, Anode Maximum Temperatures 
eecemoe Junction Temperature Tj 100 eG 
Storage Temperature Tstg —40 to +100 “¢ 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 





Spectral Line Half Width 
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SY435D NEC ttectron pevice 



























































































































































































































































































































































TYPICAL CHARACTERISTICS (Ta=25 °c) 
MAX. FORWARD CURRENT vs. FORWARD CURRENT vs. RELATIVE INTENSITY vs. 
AMBIENT TEMPERATURE FORWARD VOLTAGE AMBIENT TEMPERATURE 
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HANDLING PRECAUTIONS: 


1. The 


semiconductor devices as they have less additives. Therefore please note on the following points. 


{a) 
(b) 


full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin- 


Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and with 
If the temperature of the molded portion rises in addition to the residual! stress between the leads, the pc 
that open or short circuit occurs due to the deformation or destruction of the resin will increase. 





2. On cleaning the device: 


(a) 


(b) 


Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at 
the temperature of less than 45 °C and for less than 3 minutes of immersion time. 

Freon TE, Freon TF, Ethanol, Methanol 

Difron-solvent, lsopropyl-alcohol 
Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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PRELIMINARY SPECIFICATION 


NEC LIGHT EMITTING DIODE 


ELECTRON DEVICE | Ss Y4 3 8 D 


FASHION LAMP 
Amber 








—NEPOC SERIES— 





DESCRIPTION 


The SY438D is a full resin-molded LED lamp and has a rectangular flat face which emits brilliant amber light uniformly. It is 
especially suitable for such electronic equipments as for audio uses which require some fancy looking displays. 


or FEATURES 
PACKAGE DIMENSIONS @ Rectangular flat face type. 

in millimeters @ Low cost. 

: = @ Long lead. 
pau @ Bright amber. 
2.0+0.2 
@ Compatible with Integrated Circuits. 
1,840.2 e Red (SR538D) and green (SG238D) LED’s are available in the 


same pkg. 


APPLICATIONS 
®@ Visual displays. 
@ Peak level indicator. 


‘ | @ Radio, Stereo equipment readout. 
0.6 


®@ Measuring instrument, terminal. 











Part A1.05 
Part B0.6 














ABSOLUTE MAXIMUM RATINGS 
Bau Maximum Power Dissipation (Ta=25°C) P 100 mW 
Sab Maximum Forward Current (Ta=25 °C) lp 40 mA 
ene Maximum Reverse Voltage (Ta= 25 °C) VR 5 V 
1. Anode Maximum Temperatures 
ope ee Junction Temperature ; T; 100 fe 


ac eae ee eee ee | ° 
Storage Temperature Tstg —40 to +100 Cc 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL | tye. | MAX. UNIT TEST CONDITIONS 
Forward Voltage Ve IF =10 mA 
pF 
















Reverse Current 


TYP. 
ee 
40 | 
roe 








Spectral Line Half Width AXr | hae ea Ip =10 MA 
Luminous Intensity ly 0.2 Pm Ip =10 MA 
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SY438D NEC ttectron oevice 





TYPICAL CHARACTERISTICS (Ta=25 °C) 









































































































































































































































MAX. FORWARD CURRENT vs. FORWARD CURRENT vs. RELATIVE INTENSITY vs. 
AMBIENT TEMPERATURE FORWARD VOLTAGE AMBIENT TEMPERATURE 
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HANDLING PRECAUTIONS: 
1. The full resin-molded LED lamps have generally a little less mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 
(a) Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5 s. 
(b) If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility 
that open or short circuit occurs due to the deformation or destruction of the resin will increase. 





2. On cleaning the device: 
(a) Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at 
the temperature of less than 45 °C and for less than 3 minutes of immersion time. 
Freon TE, Freon TF, Ethanol, Methanol 
Difron-solvent, Isopropyl-alcohol 
(b) Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 





PRELIMINARY SPECIFICATION 







LIGHT EMITTING DIODE 


SY439D 


NEC 


ELECTRON DEVICE 


FASHION LAMP 
Amber 


~NEPOC SERIES— 





DESCRIPTION 


The SY439D is a full resin-molded LED lamp and has a rectangular flat face which emits brilliant amber light uniformly. It is 
especially suitable for such electronic equipments as for audio uses which require some fancy looking displays. 








f ~ | FEATURES 
PACKAGE DIMENSIONS @ Rectangular flat face type. 
in millimeters @ Low cost 
SY439D: _ {61 @ Long lead. 
cakes @ Bright amber. 
2 : = @ Compatible with, Integrated Circuits. 
$ 2.040.2 2,540.2 , : 
® Red (SR539D) and green (SG239D) LED’s are available in the 
¢ 1.8+0.2 ; 
same pkg. 
APPLICATIONS 


@ Visual displays. 
@ Peak Jevel indicator. 


E © Radio, Stereo equipment readout. 
0.6 

>< 

= 








Part A(1.05) 





Part B(0.6) ® Measuring instrument, terminal. 




















é | ABSOLUTE MAXIMUM RATINGS 
ea! Maximum Power Dissipation (Ta=25°C) P 100 mw 
Part 86 0.8 MAX. Maximum Forward Current (Ta=25 °C) Ip 40 mA 
Part Ag 1.2 MAX. © Maximum Reverse Voltage (Ta = 25 °C) Vr 5 Vv 
i) 1. Anode Maximum Temperatures 
2. Cathode . « ° 
Junction Temperature Tj 100 Cc 
Storage Temperature Tstg —40to+100 °C 


ELECTRO-OPTICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC SYMBOL : MAX. 
Reverse Current i 
Peak Emission Wavelength 

















Spectral Line Half Width IF =10 mA 
Luminous Intensity : {pF =10 mA 











SY439D NEC ttectron oe vice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 

































































































































































































































































MAX. FORWARD CURRENT vs. FORWARD CURRENT vs. RELATIVE INTENSITY vs. 
AMBIENT TEMPERATURE FORWARD VOLTAGE AMBIENT TEMPERATURE 
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10 20 30 40 50 
lp —Forward Current—mA 


HANDLING PRECAUTIONS: 


1. The full resin-molded LED lamps have generally a little !ess mechanical and thermal strength than other resin-molded 
semiconductor devices as they have less additives. Therefore please note on the following points. 


(a) 
(b) 


Soldering of leads should be made at the point 5 mm or more from the root of the leads at 260 °C and within 5 s. 
If the temperature of the molded portion rises in addition to the residual stress between the leads, the possibility 
that open or short circuit occurs due to the deformation or destruction of the resin will increase. 





2. On cleaning the device: 


(a) 


(b) 


Cleaning with unsuitable solvent may impair the resin of the package and the following solvents should be used at 
the temperature of less than 45 °C and for less than 3 minutes of immersion time. 

Freon TE, Freon TF, Ethanol, Methanol 

Difron-solvent, lsopropyl-alcohol 
Ultrasonic cleaning will add some stress on devices. The degree of the stress differs depending on the oscillation 
output power, the size of the PCB and the mounting methods of the devices, therefore it should be confirmed by 
making an experiment at actual conditions that the cleaning does not have any problem on the devices. 
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NEC 400mw ZENER DIODE 


ELECTRON DEVICE IN746A~1N759A 


1N746A ~ 1N759A are DHD (Double Heatsink Diode) construction planar type OUTLINE DRAWING 
zener diodes possessing an allowable power dissipation of 400m watt. (Unit : mm) 


FEATURES e@ODHD (Double Heatsink Diode) Construction 
@ Planar process 
@ DO-35 Glass sealed package 


$05 


APPLICATIONS 
Cathode 
Circuits for, indication 


Constant Voltage, Constant Current, 





Wave form clipper, Surge absorber, etc. #2.0MAX. 





MAXIMUM RATINGS 





Power Dissipation (P) ............. 400mW (See Fig. 1) 
Junction Temperature (Tj) .......... 175°C 
Storage Temperature (Tstg) ........- -65 to +175°C 


ELECTRICAL CHARACTERISTICS (Ta=25+ 2°C) 

































































































































































Zener Voltage Maximum Reverse Current Maximum Dinamic Impedance Typical 
Type Vz (V) IR (uA) Zz (2) Temperature 
¥P Iz = 20mAdc Vp =1V 12 = 20mAdc Coefficient 
Min. Max. Ta=25°C Ta=150°C jac=1mA 2(% /°C) 
1N746A 3.135 3.465 10 30 28 -0.060 
+ aang — 
1N747A 3.420 | 3.780 { 10 30 24 -0.055 
T 
1N748A | 3.705 | 4.095 10 30 23 ~0.050 
1N749A 4.085 4.515 2 30 22 -0.035 
—T 7 
1N750A 4.465 4.935 2 30 19 -0.015 
IN751A 4,845 | 5.355 1 20 17 +0.005 
7a 1 
1N752A 5.320 5.880 1 20 11 +0.020 
1N753A | 5890 | 6.510 0.1 20 7 +0.030 
1N754A 6.460 | 7.140 0.1 20 +0.040 
TT 
1N755A 7.125 7.875 0.1 20 +0.045 
1N756A 7.790 8.610 0.1 20 +0.050 
——— ——t +——— 
1N757A 8.645 9.555 +0,055 
1N758A 9.500 10.500 | +0.060 
cal aes 
1N759A | 11.400 12.600 +0.065 




















1N746A~1N759A 


Fig. 1 MAXIMUM POWER DISSIPATION 
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NEC tzectron pevice 


Fig. 2 Prsm Rating 
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a Ta=25°C 


Non-Repetitive 
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Fig. 4 Zener Temperature Coefficient 
vs. Zener Voltage 














Ta=—25 ~75°C 
Typ 



































—Zener Tenperature Coeffieient —%/°C 





































































































Lt [TI 
0 10 20 30 40 50 60 7.0 80 9.0 10.011.012.013.0 
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NEC tirctron vevice 1N746A~1N759A 
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NEC 5OOmw ZENER DIODE 
cai 1N5221B thru 1N5271B 


NEC Type 1N5221B through 1N5271B Series are DHD (Double Heatsink Diode) 
construction planar type zener diodes possessing an allowable power dissipation 
of 500m watt. 


Outline Drawing (Unit : mm) 


60.5 


z 
= 
iD 
| a 


FEATURES Cathode 
@ DHD (Double Heatsink Diode) Construction ore 
@ Planar process 
® DO-35 Glass sealed package 









#2.0MAX. 


APPLICATIONS 
Circuits for, 
Constant Voltage, Constant Current, 
Waveform clipper, Surge absorber, etc. 


MAXIMUM RATINGS 


Power Dissipation (P) ........ccce 500mW (@T, = 75°C, Lead-Length = 9.5mm) 
Junction Temperature (Tj) ........... 200°C 
Storage Temperature (Tstg) .......... -65 to +200°C 


Surge Power (Pasm) TOW (Non-recurrent square wave @ t=8.3ms, Tj = 55°C, See Fig. 10) 


1N5221B thru 1N5271B 


TYPE 
NUMBER 


Regulator 
Voltage 


(Vz) 


Test 
Current 


(Iz) 


Maximum 

Dynamic 
Impedance 

(Zz) 


Maximum 
Reverse 
Curernt 


IR Test 
Voltage 
(V_) 
(For B 
Suffix) 


Maximum 

Regulator 

Current 
(17m) 


NEEC eectron pevice 


Maximum 

Dynamic Knee 

Impedance 
(27K) 


ails 


Maximum 
Temperature 
Coefficient 





Vv 


|- 


madc 


Vv 


ma 


ohms 





1N5221B 
1N5222B 
1N52238 
1N5224B 
1N5225B 
1N5226B 
1N5227B 
1N5228B 
1N5229B 
1N5230B 
1N52318 
1N5232B 
1N5233B 
1N5234B 
1N5235B 
1N5236B 
1N5237B 
1N5238B 
1N5239B8 
1N5240B 
1N5241B 
1N5242B 
1N52438 
1N5244B 
1N5245B 
1N5246B 
1N5247B 
1N5248B 
1N5249B 
1N5250B 
1N5251B 
1N5252B 
1N52538 
1N5254B 
1N5255B 
1N5256B 
1N52578 
1N5258B 
1N5259B 
1N52608 
1N5261B 
1N5262B 
1N5263B 
1N5264B 
1N5265B 
1NS5266B 
1N5267B8 
1N5268B 
1N5269B 
1N5270B 
1N5271B 





2.4 
2.5 
2.7 
2.8 
3.0 
3.3 
3.6 
3.9 
43 
47 
5.1 
5.6 
6.0 
6.2 
6.8 
7.5 
8.2 
8.7 
9.1 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
22 
24 
25 
27 
28 
30 
33 
36 
39 
43 
47 
51 
56 
60 
62 
68 
75 
82 
87 
91 
100 





20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
9.5 
9.0 
8.5 
7.8 
7.4 
7.0 
6.6 
6.2 
5.6 
5.2 
5.0 
4.6 
4.5 
4.2 
3.8 
3.4 
3.2 
3.0 
2.7 
2.5 
2.2 
2.1 
2.0 
1.8 
1.7 
1.5 
1.4 
1.4 
1.3 


$n 
30 
30 
30 
30 
29 
28 
24 
23 
22 
19 
17 








1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.0 
2.0 
3.0 
3.5 
4.0 
5.0 
6.0 
6.5 
6.5 
7.0 
8.0 
8.4 
9.1 
9.9 
10 
11 
12 
13 
14 
14 
16 
17 
18 
19 
21 
21 
23 
25 
27 
30 
33 
36 
39 
43 
46 
47 
52 
56 
62 
68 
69 
76 


4 








1200 
1250 
1300 
1400 
1600 
1600 
1700 
1900 
2000 
1800 
1600 
1600 
1600 
1000 
750 
500 
500 
600 
600 
600 
600 
600 


600 
600 
“600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 


—}--- 











NEC euctron oevice 


Pp. Maximum Power Dissipation (WwW) 


\z. Zener Current (A) 








20 40 60 80 100 120 


L=LEAD LENGTH 
TO HEAT SINK 


140 160 180 200 


TL. Lead Temperature (C) 


1N5221B 


1N5226B 
1N5227B 


MT YE Vy 


1N5235B a on hs a 


Fig. 2 Vz — Iz Characteristic 











1N5221B thru 1N5271B 


N5245B 


Ta=25C 
Pulse 40msec 





















































Vz. Zener Voltage (V) 

















1N5221B thru 1N5271B 


\z. Zener Current (A) 


Yz. Temperature Coefficient (mV/C) 


Fig. 3 Vz — tz Characteristic 


Ta=25C 
Pulse 4O0msec 


1N5252B 1N5254B 


1N5256B 1N5258B 1N5259B 
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Vz. Zener Voltage (V) 


Fig. 5 Temperature Coefficient 
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Vz. Zener Voltage (V) 





Yz. Temperature Coefficient (mV/*C) 


NEC ttectron vevice 


Fig. 4 Vz — Iz Characteristic 


1N5260B yy52638 Ta=25°C 
1N5267B 


Pulse 40msec 
1N5271B 


lz. Zener Current (A) 














Vz. Zener Voltage (V) 


Fig. 6 Temperature Coefficient 
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Vz. Zener Voitage (V) 







NEC aectron vevice 1N5221B thru 1N5271B 


Fig. 7 Voltage Regulation Fig. 8 Zz — Vz Characteristic 
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Ppx. Peak Surge Power (W) 








GL. Junction to Lead Thermal Resistance (°C/W) 
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NEC REFERENCE DIODE 
— 1SZ45A~1SZ48 


NEC Type 1SZ45A ~ 1S248 are DHD (Double Heatsink Diode) construction 
planar type high stability refference diodes. OUTLINE DRAWING (unit : mm) 


FEATURES ®@ DHD (Double Heatsink Diode) Construction 
@ Planar process 









Suffix A 
® High Stability and High Reliability Cathode 
@ Low zener current (i, = 1mA) nee ee 
® DO-35 Glass sealed package soemax—| 





APPLICATIONS Circuits for, 
Constant Voltage, Constant Current 


Color Code 


Teteck [Aes 


1SZ45A | 1SZ46A | 1S2Z247A 
MAXIMUM RATINGS — — 


Power Dissipation (P) ...........sscs008 250mW (See Fig. 1 
Junction Temperature (Tj) .......... 175C 
Storage Temperature (Tstg) ...-..--- —65 ~ +175°C 


ELECTRICAL CHARACTERISTICS (Ta =25 + 2°C) 


Zener Voltage Zener Impedance Zener Current Vz Temperature Coefficient Temperature Range 


Vz (V) Zz (2) Yz (%/°C) 
12 (mA) 


1SZ46A +0.005 
18Z47A : : +0.002 


+0.002 
+0.001 











— 


Ta (°C) 

















1SZ45A~1SZ48 


Fig. 1 P-Ta Rating 


Power Dissipation P (mW) 








0 50 100 150 
Ambient Temperature Ta (°C) 


Fig. 3 Yz~-1z2 Characteristic 


y2 (%/"C) 


Vz Temperature Coefficient 

















Zener Current Iz (mA) 


Fig. 5 Avz-iz Characteristic 


Change in Zener Voltage Avz (mv) 








0 1 


Zener Current iz (mA) 














tn 


NEC ELECTRON DEVICE 


Fig. 2 Yz- Vz Characteristic 





Vz Temperature Coefficient yz (%/°C) 

















Zener Voltage Vz (V) 


Fig. 4 Zz-1z Characteristic 
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10 


Zener Impedance Zz (Q) 











1 
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Zener Current Iz (mA) 


NEC REFERENCE DIODE 


ELECTRON DEVICE 18SZ250~-1S8S2Z53 


NEC Type 1S250 ~ 1SZ53 are DHD (Double Heatsink Diode) construction 


planar type high stability refference diodes. OUTLINE DRAWING (Unit : mm) 


FEATURES @ DHD (Double Heatsink Diode) Construction 
® Planar process 
® High Stability and High Reliability age 
© DO-35 Glass sealed package _indication 





APPLICATIONS Circuits for, 
Constant Voltage, Constant Current 





Color Code 


MAXIMUM RATINGS [eee [Re | oer | ar 
Power Dissipation (P) ........ 250mW (See Fig. 1) 


Junction Temperature (Tj) ..... 175°C 
Storage Temperature (Tstg) .... ~65 ~+175°C 


ELECTRICAL CHARACTERISTICS (Ta =25+ 2°C) 


Zener Voltage Zener impedance Zener Current Vz Temperature Coefficient Temperature Range 
Vz (V) 2z (2) Yz (%/°C) 


fee eae a 











+0.005 


75 
+0.002 
+0.001 





1SZ50~1SZ53 NEEC ttectron vevice 













































































Fig. 1 P-Ta Rating Fig. 2 Yz- Vz Characteristic 
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Fig. 3 Yz-1z Characteristic Fig. 4 Z,- lz Characteristic 








yz (%/°C) 














Zener impedance Zz (Q) 








Vz Temperature Coefficient 




































































Zener Current Iz (mA) Zener Current Iz (mA) 


Fig.5 Av, -iz Characteristic 

















Change in Zener Voltage Avz (mV) 




















Zener Current iz (mA) 


NEC 500mw ZENER DIODE 
uae BZY88-C2V7 ~ BZY88-C33 


NEC Type BZY88- Series are DHD (Double Heatsink Diode) 
construction planar type zener diodes possessing an allowable OUTLINE DRAWING (Unit : mm) 


power dissipation of 500m watt. 


“fF 





FEATURES 


@ DHD (Double Heatsink Diode) Construction. eathede 


indication 





@ Planar process. 
® D035 Glass sealed package. mn 
$2.0MAX. 


APPLICATIONS 


Circuits for, 
Constant Voltage, Constant Current, 


Waveform clipper, Surge absorber, etc. 


MAXIMUM RATINGS 


Power Dissipation (P) 6. ke eee eee ee ene _. 50OmW (See Fig. 1) 
Junction Temperature (Tj) .---- 00 eee eee et tee ee teenies 175°C 

Storage Temperature (Tstg) 6.0... 0. ee ee ce ee eee tenes -65 to +175°C 
Thermal: Resistance (Riyijaj) <2 aes 545 hse 5 Ges bee ee wee ee 300°C /w* 





*Valid provided that leads are kept at ambient temperature at a distance of 8mm from case. 


44 


BZY88-C2V7 ~ BZY88-C33 


ELECTRICAL CHARACTERISTICS (Ta= 25°C) 


NEC ELECTRON DEVICE 



















































































*Zener Dynamic Dynamic Knee Reverse Temp. Coeff. 
Type Voltage Impedance Impedance Voltage (V) of Vz 
Number Vz (V) Zz (2) Zzk (Q) Vr (Vv) 
at |1,=5mA at l7=5mA at l,=1mA at 1, =100nA ¥2z(10*/°C) 
+ 
Min. Max. Max. Max. Min. Nominal 
BZY88-C2V7 2.5 2.9 He 83 . 500 - ~6.0 
-C3V0 28 3.2 90 500 - -6.0 
-C3V3 3.1 3.5 90 500 _ -5.5 
-C3V6 3.4 ce 3.8 90 500 - -5.0 
-C3V9 3.7 4.1 90 500 - -3.5 
oo 
-C4V3 4.0 4.6 90 500 - -1.0 
-C4V7 4.4 5.0 78 500 _ +1.0 
—z _ —t | 
-C5V1 4.8 5.4 60 480 0.8 +2.0 
bal eee 
-C5V6 5.2 6.0 40 400 1.0 +2.5 
-C6V2 5.8 6.6 10 200 2.0 +3.0 
L | 
-C6V8 6.4 7.2 8 150 3.0 +4.0 








-C7V5 


10.4 11.6 
11.4 12.7 
12.4 14.1 





+5.0 






































-C18 16.8 19.1 50 170 14.0 +8.0 

| ees — ——} 
-C20 18.8 21.2 50 220 15.0 +8.0 

Pose } 24 
-C22 20.8 23.3 55 220 17.0 +8.0 

| i iois 
-C24 22.8 25.6 80 220 18.0 +8.0 
-C27 25.1 28.9 80 250 20.0 “+8.0 | 
-C30 28.0 32.0 80 250 22.5 +8.0 
-C33 31.0 | 35.0 80 250 25.0 +8.0 




















Note : *tested with pulse 
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NEC ttectron vevice 


Power Dissipation P(mW) 


Dynamic Impedance Z7(Q) 


Fig. 1 P — Ta Rating 























P.C Board 
7mm: : 
t=0.035mm 



































0 20 40 60 80 100 120 140 160 180 200 


Ambient Temperature Ta(°C) 


Fig. 3 Uz — iz Characteristic 





Zener Voltage vz(V) 
5 10 





























Fig. 5 Zz — lz Characteristic 
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Zener Current |z(mA) 
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Dynamic Impedance Z7(2) 


Thermal Resistance Rtn(°C /W) 


BZY88-C2V7 ~ BZY88-C33 


Fig. 2 Rep, — S Characteristic 
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Size of P.C Board S(mm2) 


Fig. 4 Uz — iz Characteristic 





Zener Voltage v7(V) 
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Zener Current lz (mA 























Fig. 6 Zz — Vz Characteristic 

































































Zener Voltage Vz(V) (at lz=5mA) 





BZY88-C2V7 ~ BZY88-C33 


AVz(V) 


Fig. 7 Y2th — Vz Characteristic 
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Vz Temperature Coefficiency yz(mV/°C) 


25 


20 


15 










1 2 3 5 
Zener Voltage Vz(V) (at lz =5mA) 


NEC etectron vevice 


Fig. 8 Yz — Vz Characteristic 
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Zener Voltage V2(V) (at lz =5mA) 


























Fig. 10 AV, — Vz Characteristic 
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NEC ttctron vevice BZY88-C2V7 ~BZY88-C33 


Fig. 11 Prom Rating Fig. 12 2+}, Characteristic 
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Transient Thermal Impedance Zth(°C /W) 



















































































Time t(S) 
Time t(S) 
Fig. 13 Power Dissipation Nomogram 
(inch) } (mm) 
(mW) 
800 
(‘C) 700 
25 
50 600 
550 
75 
500 
100 450 
110 
400 
125 350 
300 
Lead Length Heat-Sink Power Dissipation 
Temp (°C) P(mv) 


Example of use of power dissipation nomogram 
Given : Lead length = 8 (mm) 
Heat sink temperature = 25°C 
Problem : Determine power dissipation of the zener diode 
Solution : As shown on dashed line on nomogram, P = 525 (mW) 





17 


NEC 500mw ZENER DIODE 


ELECTRON DEVICE 


NEC Type RDI _] E Series are DHD (Double Heatsink Diode) construction 
planar type zener diodes possessing an allowable power dissipation of 500 m 
watt. 


FEATURES @ DHD (Double Heatsink Diode) Construction 
® Planar process 
@ Vz: Applied E24 standard 
® DO-35 Glass sealed package 


APPLICATIONS 
Circuits for 
Constant Voltage, Constant Current, 


Wave form clipper, Surge absorber, etc. 


MAXIMUM RATINGS 


Power Dissipation (P)........ caewseaheas 500 mW (See Fig. 1) 
Junction Temperature (Tj)........4.. 175°C 
Storage Temperature (Tstg)...+..+++. —65~+175°C 
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RD2.0E~RD100E 


Outline Drawing (Unit: mm) 


00.5 


Cathode 
indication 


s20max.—-| 








RD2.0E~RD100E NEEC eectaon pevice 


ELECTRICAL CHARACTERISTICS (Ta = 25+2°C) 










Zener Voltage Dynamic Impedance Knee Dynamic Reverse Current 













































































Vz (v)** Zz (2)* Impedance Zz. (S)* tR (uA) 
Suffix Min. Max. Iz (mA) Max. Iz (mA) Max. tz (mA) Max. Vr (Vv) 
K 1.88 2.24 | 5 ia 
RD2.0—E | B 1.88 2.12 20 20 2,000 1 120 0.5 
[ Cc 2.00 2.24 
K 2.08 245 | 
RD2.2E B 2.08 2.33 20 
Cc 2.20 2.45 
a on Gee 2.70 
B 2.28 2.56 20 
Cc 
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Power Dissipation —P(mvV) 


NEC actron vevice RD2.0E~RD100E 


Zener Voltage Dynamic Impedance Knee Dynamic Reverse Current 
Vz (v)** Zz (2)* Impedance Zz K (9)* iR (uA) 


Suffix in. Max. Iz (mA) ; 1z (mA) Max. Iz (mA) ; VR (V) 
ae 21.2 
22.4 
23.3 
24.5 
25.6 
27.6 
28.9 
30.8 
32.0 
34.0 
35.0 
37.0 
38.0 
40.0 
41.0 
43.0 














10 0.5 








0.5 


Boa ayo 





0.5 











+ 








+ 
BIO; D/O; D/O 


“Pl 












































* Zz is measured at Iz by given a very small AC current signal. 
** Narrow Vz device is abailable if required. 


ELECTRICAL CHARACTERISTICS (Ta = 25+2°C) 


Zener Voltage Dynamic Impedance Reverse Current 
Vz (v)*** Zz (2)* IR (uA) 
Suffix Min. Max. Iz (mA) Max. Iz (mA) Max. VR (V) 
[nome Ps dd 
48 54 


53 ia 
58 
64 
70 
77 
85 


oO 














RD62E 
RD68E 
RD75E 
RD82E 
RD91E 
RD100E 






































DW om min woo, a|o 
NPN) MLM] M) NY] ol oF 
NTN NMI NMIN] ool a 
afefe}o| oj ew] ao] oo] ao 








*** tested with pulse (40 msec) 


Fig. 1 P—Ta Rating Fig. 2 vz—iz Characteristic 


Ta=25°C | =| | 
Typ Zener Voltage—vz(V) ir(mA)| & | 
—————¥ T —] J 
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0 20 40 60 80 100 120 140 160 180 200 


Ambient Temperature—Ta(°C) 
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vz—Temperature Coefficient-yz(mv/* C) 


Dynamic Impedance —Z,(Q) 


RD2.0E~RD100E 


Fig. 3 Uz—iz Characteristic 





tage —v2(V) 





a T 
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oO 
Zener Current 
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Fig. 5 yz—Uz Characteristic 









































0 4 8 12 #16 20 24 28 32 36 40 44 
Zener Voltage—vz(V) 


Fig. 7 2z—iz Characteristic 
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Zener Current—Iz(mA) 








Vz— Temperature Coefficient — 7z{mV/°C) 


vz—Temperature Coefficient — yz(%/"C) 


Thermal Resistance — Reh (°CW) 


a1 


NEC tzectron pevice 


Fig. 4 Uz—iz Characteristic 











Zener Voltage 


















































Fig. 6 yz—Uz Characteristic 


















































0 “40 50 60 70 80 90 100 110 120 


Zener Voltage—Uz(V) 


Fig. 8 Rth—S Characteristic 


Junction to 
ambient 


















































Size of P.C Board—S (mm?) 


vz—Temperature Coefficient — yz(mV/C) 





Peak Reverse Power —Prsm( 


NEC sicrrow sevice 


Fig. 9 PRSM Rating 
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lm 
Time~-t (S) 


(inch) | (mm) 


Lead Length 





RD2.0E~RD100E 


Fig. 10 Power Dissipation Nomogram 


<—+ Hr ax 
| Case | 
L L 


Heat Sink 


(mw) 

800 
(Tv) 700 
25 
50 600 

550 
75 

500 
100 450 
110 

400 
125 _ 

300 


Power Dissipation 
P (mV 


Heat 
Temp (CT) 


Example of use of power dissipation nomogram 


Given 


Lead length = 3/8 inch 


Heat sink temperature = 75°C 


Problem 
Solution 


Determine power dissipation of the zener diode 
As shown on dashed line on nomogram, P = 525 (mW) 
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NEC 1W ZENER DIODE 
Oo RD2.0F ~ RD82F 





NEC Type RD [_} F Series are DHD (Double Heatsink Diode) 
Construction planar type zener diodes possessing an allowable power 


dissipation of 1 watt. 






Cathode 
indication 


¢ 3.0MAX. 








FEATURES @ DHD (Double Heatsink Diode) Construction 
@ Planar process 
@ Vz: Applied E24 standard 
® DO-41 Glass sealed package 








APPLICATIONS 
Circuits for, 
Constant Voltage, Constant Current, 


Wave form clipper, Surge absorber, etc. 














MAXIMUM RATINGS 





Power Dissipation (P) 1W (See Fig. 1) 
Junction Temperature (Tj) 175°C 
Storage Temperature (Tstg) —65~+175°C 
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RD2.0F ~RD82F NEC etectron vevice 











ELECTRICAL CHARACTERISTICS (Ta = 25 + 2°C) 





Type Number Zener Voltage Dinamic Impedance Reverse Current 
Vz (Vv)* Zz (9)* IR (uA) 


Suffix in, Max. . [ lz (mA) Max. 
a 





2, 
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NEC ttectron vevice RD2.0F~RD82F 


Type Number Zener Voltage Dinamic Impedance Reverse Current 
Vz (v)* Zz (Q)** | IR (WA) 


Suffix in. Max. ~ | ie tma) 
+ ee ES 





= 
a 
x 


OV, OF OF) O1] C1) OF} CV) 





RD43F 
RD47F 
RD51F 
RD56F 
RD62F 
RD68F 















































* RD2.0FB~RD39FB: tested with D.C. 
RD43FB~RD82EFB: tested with pulse (40msec.) 
** Z, is measured at Iz by given a very smal! A.C. current signal. 


Fig. 1 P—Ta Rating Fig. 2 v,~—iz Characteristic 


Power Dissipation P (W) 
























































20 40 60 80 10 120 140 160 180 200 


Ambient Tempgrature Ta(°C } 


Fig. 3 vz—iz Characteristic Fig. 4 v,—iz Characteristic 








Zener Voltage v7(V) il 
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RD2.0F ~RDS2F NEC ectron vevice 


Fig. 5 y2—Vz Characteristic Fig.6 yz—Vz Characteristic 
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0.07 























Vz —Temperature Coefficiency ¥(%/°C ) 

















Vz —Temperature Coefficiency ¥ 2(%/°C ) 
Vz—Temperature Coefficient ¥, (%/T ) 
Vz—Temperature Coefficient yz (mV/T ) 


0.06 


























Oo 4 8 12 16 20 24 28 32 36 40 44 








Zener Voltage Vz(V) Zener Voltage Vz(V) 


Fig. 7 2,—l, Characteristic Fig. 8 Rth— S Characteristic 
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Zener impedance Zz (2) 





Thermal Resistance Ri (°C /W) 
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Zener Current Iz(mA) Size of P.C Board S(mm¥ ) 
Fig.9 Prom Rating Fig. 10 2th Characteristic 






































Peak Reverse Prsm (W) 
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NEC suctron oevice 


RD2.0F ~RD82F 


Fig. 11 Power Dissipation Nomogram 


Heat Heat 
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“0.4 
+145 
Heat — Sink Power Dissipation 
Temperature P (W) 
TH CC) 
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ELECTRON DEVICE 


RD4.7JB~RD39JB 


Low noise, Sharp Breakdown characteristics 


400mw Zener Diode. 


NEC Type RD[]J series are DHD (Double Heatsink Diode) construction planar type Zener diode possessing 
an allowable power dissipation of 400mW, featuring low noise and sharp breakdown characteristic. They are 


intend for use in audio equipment and instrument equipment. 


FEATURES 


Low noise 

Sharp Breakdown characteristic 

DHD (Double Heatsink Diode) construction 
Planar process 

Vz Applied E24 standard 

DO-35 Glass sealed package 


APPLICATIONS 


Circuits for, 


Constant Voltage, Constant Current, Wave form clipper, etc. 


MAXIMUM RATINGS 


Power Dissipation (P) ........... 400mW (See Fig. 1) 
Junction Temperature (Tj) ........ 175°C 
Storage Temperature (Tstg) ....... —65 ~ +175°C 


28 


OUTLINE DRAWING 


(Unit: mm) 


0.5 





Cathode 
indication 





MAX. 


$2.0 MAX. 





AL 


Marking color: Blue 


RD4.7JB~RD39JB NEC ttecteon oevice 


ELECTRICAL CHARACTERISTICS (Ta=25+2°C) 


Zener Volta Dynamic Knee Dynamic Reverse 

ge Impedance Impedance Current 

Type Number Vz (Vv)* Zz (Q)** IR (uA) 
. MAX. : 


Paper [4a 
Pao5.e | 48 
Pro5.ei8 | 53 
58 | 
eae 





RD6.2JB 
RD6.8JB 


RD7.5JB 7.0 7.9 
RD8.2JB 1d 8.7 
RD9.1JB | 85 


RD10JB 9.4 





Ww 





w 








RD11JB 10.4 


Ww 
o 








RD12JB 11.4 


Protea | 168 | 19.1 
21.2 
26.1 


* 


w 
o 





lw 


~ 
N 
Wi w —_ 
4 N 
o NO] N 


Ww 








i) 
w 
wo 





tested with pulse (40 ms). 
** 72 & Zzk are measured at !z by given a very small A.C. current signal. 
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NEC tcectron vevice ; RD4.7JB~RD39JB 


Fig. 2 v,—iz Characteristic 




















: . 10? = 
Fig. 1 P—Ta Rating Ta=25°C 
500 tested with 
pulse (40ms) 
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Ambient Temperature Ta (°C) 


Zener Voltage vz (V) 


Fig. 3 yz2—vz Characteristic 
Fig. 4 e_—vz Characteristic 






100 5 
Ta=25°C 


f=10~500kHz 























Vz-Temperature Coefficiency yz (%/°C) 








4 50 
« 40 Typ. 
2 30 
@o 
aaa 
8 
2 20 
Zz 
10 
0 4 8 12 16 20 24 28 32 36 40 23 45 10 20 30 4050 
Zener Voltage vz (V) Zener Voltage vz (V) 
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NEC 150mW ZENER DIODE 
cc RD2.4M~RD24M 


PLANAR TYPE ZENER DIODE 


NEC Type RD2.4M through RD24M Series are planar type zener diodes Outline Drawing (Unit: mm) 
possessing an allowable power dissipation of 150m Watt. 





0.478. (Each Lead) 








FEATURES 

@ Vary small size to assure good space factor in hybrid IC applications. 
®@ Planar process 

@ Vz; Applied E24 standard. 





Marking 


0.1678 46 





VNC 
2. Anode 
3. Cathode 


MAXIMUM RATINGS 


Power Dissipation (P) 2.0... eee ee ene 150 mW 
Junction Temperature (Tj) 0.0.0... 0c cece cee eens 125°C 
Storage Temperature (Tstg) ©. ee eee eee eee —50~125°C 
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RD2.4M~RD24M 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


Type Number Suffix 


B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 





o 


* Tested with pulse (40ms). 








Zener Voltage 
Vz (V)* 
(at Iz=5mA) 


Maximum Dynamic 


Impedance 
Zz (Q)** 
(at 1z=5mA) 








100 
110 
120 
130 
130 
130 
130 
130 
130 
80 
50 
30 
30 
30 
30 
30 
30 
35 
35 
40 
40 
45 
50 
55 
60 


** 22 is measured at Iz by given a very small A.C. current signal. 


ao 





Maximum Reverse 
Current 


IR (uA) 


NNN NY NNNNNNNNNNN CFO 





NEC ttectron vevice 


IR Test 
Voltage 


Vr (V) 





NEC ttectron pevice RD2.4M~ RD24M 


Fig. 1 P — Ta Rating Fig. 2 Vz—iz Characteristic 








Zener Voltage Vz (V) 
5 

















= 
= 
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Power Dissipation P (mW) 











Zener Current iz 
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Ambient Temperature Ta (°C) 













































































































































































Fig. 3 Zz — (z Characteristic Fig. 4 Vz — Yz Characteristic 
1000 
Ae Ta=25°C Typ. 

{_f tt — RD2.4M ae one 5 
Ro4.7m—t RO3.0M = =, 
RD3.9M se = 
oy RDS. 1M— = E 

a 0.04 
nw 100 RD5.6M x 25M 
mn t 2 ¢ 
% RD24M 5 5 
i= oO (S} 
© RD20M —F H \ if = rad 
2 { aie tI ‘o 0 ‘g 
— RDI5M itty Lu rs) oO 
2 RDIOM = 2 
© 10 3 = 
c RD7.5M o —0.04 ® 
o o 
i i 
S N 
> 

~0.08 —32 
1 
0.1 1 10 100 0 4 8 12 16 20 24 
Zener Current lz (mA) Zener Voltage Vz (V) 
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PRELIMINARY SPECIFICATIONS 


NEC P-GATE ALL DIFFUSED MOLD TYPE THYRISTOR 
NEC ELECTRON 


O3P4MGC, 03P5MGC 


The 03P4MGC ~03P5MGC are P-gate all diffused mold type SCR rated at 


0.8 Amps RMS maximum on-state current, with rated voltages up to 


1. OUTLINE DRAWING 












JEDEC TO-92 
600 volts. 
b §.2 Max. 
FEATURES : | 
Ww 
e Plastic TO-92 package 
¢ 50uA gate sensitivity . 
@ 5 mA holding current , 
¢ 8 A surge current 05 
© 400 through 500V selection = 
Special selection to 600V available = 
APPLICATIONS 1. Cathode : = 
= 2. Gate , 1.31 1.3 
Cassette tape recorder, Television 3. Anode 
Automobile equipment 
Strobe flasher Dore 
x! 3! 
Automatic gas lighter, 2 = 
Solid-state relay MARKING oe 
Light display equipment LOT 
oO NUMBER 


Motor, solenoid and temperature control etc. VoL NUMBER 


2. MAXIMUM RATINGS 










Non-Repetitive Peak Reverse Voltage” 700 

Non-Repetitive Peak Off-State Voltage* 

Repetitive Peak Reverse Voitage* Van | 400 500 

Repetitive Peak Off-State Voltage’ | Vonm sf 400s” 500 
5 


Iravy 
On-State Current | 
T(RMS) 


Surge On-State Current 8 (50H, Non-rep.) 
Peak Gate Power Dissipation 


Average Gate Power Dissipation Poway) 


Peak Gate Reverse Voltage 





Junction Temperature 


Storage Temperature 










O3P5MGC 


0 
0.8 


100 
10 
6 





A 









“Re, = 1KQ 





R24 


0O3P4MGC, 03P5MGC NEC NEC Electron, Inc. 


3. ELECTRIC CHARACTERISTICS [T; = 25°C (UNLESS OTHERWISE SPECIFIED), Rg, = 1KQ) 







SPECIFICATIONS 
MIN. TYP. MAX. 
100 


ITEM SYMBOL CONDITIONS 


Peak Oft-State Current [i lea, i T, = 125°C, Vom = Voam 















Peak Reverse Current 


On-State Voltage ™ 











“Gate Trigger Voltage Ver 





Gate Trigger Current 


Critical Rate-ot-Rise 
Off-State Voltage 


‘2 Holding Current i «i I 
ty 
Rin 











dv/dt T, = 125°C, Vom = Vorm 


10 

T, = 125°C, Va = 25V 

lm = 0.2A, dig/dt = 15A/us 120 
2Vorm 

Vow = ——. dvidt = 10V/us 





Circuit Commutated 
Turn-Off Time 


Thermal Resistance 


Thermal Resistance 











Qa 


NV EC GLASS PASSIVATED 


ELECTRON DEVICE 2A(4Arms)MOLD THYRISTOR 


2P05M, 2P1M, 2P2M, 2P4M, 2P5M, 2P6M 


The 2PO5M ~ 2P6M are P-gate all diffused mold type SCR Outline Drawing (Unit: mm) 
granted average on-state current 2Amps (Tc = 54°C). Being 
applied glassivation technique to pellets’ surface, they 


3.2¢ 
feature a quite high reliability. 


FEATURES 


@ The pellet surface is quite stable physically and electri- 
cally by applying glassivation technique. 
@ Easy installation by its miniature size and thin electrode 







Aa 13.0MAX. 
33.3MAX. 














leads. 
® Less holding current distribution provides free application ug = | SINSS: 

design. 0.85. = 
® Low cost because of mass-production. 2 ei nN 

1.55 

APPLICATIONS atts 2 —| 
Electric blanket, Electronic jar, Various temperature control. 
Electric sewing machine, Speed control of miniature type pees 
motor. 10.0MAX. 3. Gate 


Light display equipment, Lamp dimmer such as a display 
for entertainment. 

Automatic gas lighter, Battery charger. 

Solid state static switches etc. 


MAXIMUM RATINGS 


Non-Repetitive Peak Reverse Voltage* 





Non-Repetitive Peak Off-state Voltage* 





Repetitive Peak Reverse Voltage* 








Repetitive Peak Off-state Voltage* 





On-state Current 








Peak Gate Fowrard Current 0.2 (f 250 Hz, duty <10%) 





Peak Gate Reverse Voltage 6 


Junction Temperature i -40 ~ +110 





Storage Temperature -40 ~ +150 














Weight 1.4 





Tc : Case Temperature is measured at 1.5mm from the neck of Tablet. 
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2P05M, 2P1M, 2P2M, 2P4M, 2P5M, 2P6M NEC cuctnnens 


ELECTRICAL CHARACTERISTICS (Tj = 25°C) 


[tem —SS*dCSvtor [Conon 


VRM = VRRM.- Tj = 110°C 


eae * 
Repetitive Peak Reverse Current IRRM Rok = 1k2 = 


= va 3, 
Repetitive Peak Off-state Current* loRM ay a porns Tj = 110°C = 
GK = 


On-state Voltage V™ ITM =4A - 
Vom = 6V, R,_ = 1002 
R6K = 1k2 
Vom = 6V, R,_ = 1002 
RGK = 1kQ 

Vom = %VpRM.- Tj = 110°C 0.2 7 z 
Rx = 1002, Rex = 1k2 

Vp = VoRM. Tj = 110°C 
RGKk =1k2 

Holding Current* Tegcaoeae 3 : ale 


1 
Reh ( See Fig. 11 
Thermal Resistance th (j-c) | Junc ball ‘° ase ee a ee Fig 
Rth (j-a) | Junction to Ambient P- [= | See Fig. 11 | 


** Note: Insert a resistance less than 1k between gate and cathode, because the items indicated 
are guaranteed by connecting short resistance between gate and cathode (RGK = 1k). 























Vv See Fig. 1 


See Fig. 5, 
Fig. 7 


















Gate-Trigger Current* 





Gate-Trigger Voltage* 












Gate Non-Trigger Voltage* 




























ee 


2P5M, 2P6M 


See Fig. 9 


Critical Rate-of-Rise of Off-state Voltage 


















































fig 





EXAMPLE OF Rgx INSERTION 


P.T, Re 


Rox=r.+Re 


MEASUREMENT CIRCUIT 


lot. Vet, Ven 
VpM= 6Vpeak V.R.50kQ 
502(2W) . 
_ Given Vi 


leT=—“T 900 
Ver, Given Vep=Ve 





: more than 100kQ at IgT <10uA 
2: more than 1M2 SW open 
* Inner Resistance : more than 20 kQ 





N E Cc ELECTRON DEVICE 


On-State Current Iry (A) 


Case Temperature Tc (°C) 


Gate Trigger Current Icr (A) 


Fig. 1 Itmj- Vm Characteristics 





oe ee 






































Average On-State Current lay) (A) 





Tj=25°C 
Tj=110°C 











On-State Voltage Vry (V) 


Fig. 3 Tco-!T(ay) Ratings 

















6 2.0 24 28 3 








Fig. 5 Iq7r-Ta Typical Distribution 




















0 20 40 60 
Ambient Temperature Ta (°C) 











Ambient Temperature Ta (°C) 


Gate Trigger Voltage Vcr (V) 


Average On-State Poawer Dissipation Py,,4y) (W) 





2P05M, 2P1M, 2P2M, 2P4M, 2P5M, 2P6M 


Fig. 2 Pr(av)-'t(ay) Characteristics 
































Awage On-State Current |, (AV) (A) 


Fig. 4 Ta-'It(ay) Ratings 























Average On-State Current lapay,) (A) 


Fig. 6 Vat-Ta Typical Distribution 





















































—-40 -—-20 0 20 40 60 80 100 
Ambient Temperature Ta (°C) 


2P05M, 2P1M, 2P2M, 2P4M, 2P5M, 2P6M NEC ttectron oevice 


Gate Trigger Voltage Ig7 (uA) 


Holding Current In (mA) 


Fig. 7 IGT-7G Typical Distribution 




















Ta=25°C Trigger pulse: 
Rectangular 
wave form. 





























20 4060 100 
Trigger pulse width 7, (ys) 


Fig. 9 Ip4-Ta Typical Distribution 





Vom= 24V. Rok = 1kQ 





lon40mA( t= 10ms) 


Se 
eee 
PECL ro 














-40 -20 0 20 40 60 80 100 





Surge On-State Cursrent lrgy (A) 


Gate Trigger Voltage V,; (V) 


Fig. 8 VGtT-7G Typical Distribution 


Ta=25°C 
Trigger pulse: 
Rectangular wave form 































































































Trigger pulse width T; (us) 


Fig. 10 (+spq Ratings 



































Ti=—20~+90°C 
PH 





— 
Junction temperature before 
surge current flows 
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Transient Thermal Impedance Zin (°C/W) 
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NEC ctctnon vevice 2P05M, 2P1M, 2P2M, 2P4M, 2P5M, 2P6M 


NOTICE FOR INSTALLATION 


1. 


Electrode leads (especially heat sink tablet) are not granted to be bent because of wet-proof. However in case it is required 
inevitably, a mechanical stress should not be put on mold. Fix tightly between the mold case and the area to be formed or 
bent. 


_ Electrode leads should not to be bent more than twice over 90°. Avoid the bending within 1.5 mm from the neck 


of mold case. 


. Special lead and heat tab formings as indicated below are available at an additional cost. 


Measurement 





Type-BY Type-AY Type- YC Type- YB Type- YA Type-CY 





. The surface of heat sink for thermal radiator is to be smooth without any foreign matter. 
. Suitable torque value is 4 ~~ 5 kg.cm. 
. Soldering 


© Recommended solder: PbSu (4 : 6) 
Melting point 180°C 
© Dimension from the neck of leads to dipping points . 1... ee eee eee ete nets 4~6mm 
© Soldering temperature and period 
250 C6" saauwiceatnion baht ernae oh la a eee TA EA ORR less than 5 psec. 
QIOIC eg Bihie o Pelene E EO es Dae ee Ee ees less than 10 usec. 


NEC 


ELECTRON DEVICE 


The 2S2M ~ 2S4M are P-gate all diffused mold type SCR 


HIGH SPEED SWITCHING 
2A(4Arms)MOLD THYRISTOR 


2S2M,2S3M,2S4M 


granted RMS on-state current 4 Amps and repetitive peak 
on-state current 15 Amps (Tc=65°C, f=10KPPS, tp=10ys). 


FEATURES 


@ Designed for Inverter, Pulse modulator, and other high @) 


frequency applications. 


@ Insured turn-off time of less than 15ys. 


300A gate sensitivity 
@ 200 through 400 V selection 


APPLICATIONS 
Automatic gas lighter 


Electric sewing machine 
Battery charger 

TV 

Solenoid operation 
Inverter 


Speed control of miniature type motor 









OUTLINE DRAWING (Unit: mm) 


% 3.2 


13.0MAX. 


1.3 4.7MAX. 
0.85 
% 
® 1.55 
wo 
2.55255 6 
2. Anode 
10.0MAX 3. Gate 


MAXIMUM RATINGS 


Item 





Non-Repetitive Peak Reverse Voltage 








Non-Repetitive Peak Off-State Voltage 





Repetitive Peak Reverse Voltage 


200 





Repetitive Peak Off-State Voltage 


200 





On-State Current 


2 (Tc=54°C, 6=180° Single phase 1/2 wave) 


< 


RGK=1k2 
RGK=1k2 
RGK=1k2Q 
See Fig. 3, Fig. 4 





Repetitive Peak On-State Current 


15 (Tc=65°C, f= 10K PPS, tp=10us) 


See Fig. 3, Fig. 4 
—- 





Surge Non-Repetitive On-State Current 


Peak Gate Power Dissipation 


Average Gate Power Dissipation 


Peak Gate Forward Current 


20 


See Fig. 2 





0.5 (f > 50 Hz, duty < 10%) 
0.1 
0.2 (f > 50 Hz, duty < 10%) 





Peak Gate Reverse Voltage 


6 





Junction Temperature 








—40 ~ +110 





Storage Temperature 





—40 ~ +150 





Tc: Case Temperature is measured at 1.5mm from the neck of Tablet. 





s| Si >| >/[ >| <] <| < 











2S2M,2S3M,2S4M NEC ttecteon DEVICE 


CHARACTERISTICS (T;=25°C) | 


Symbol Condition 
VRM=VRRM.- Tj=110°C 
RGK=1k2 
Vpm=VpRm.- 1j=110°C 
RGK=1k2 
On-State Voltage VT™ Ip7m=4A : See Fig. 1 
Vowr6v, Ri=1000 See Fig. 8 
Vom=6V, RL=1002 
RGK=1k2 
Vv | Vpom=%VDRM,. 1j=110°C { 
GD | RL =1002, REK=1k2 
Vpm=2/3VpRM. Tj=110°C | 
J. 





Repetitive Peak Reverse Current | IRRM 





Repetitive Peak Off-State Current IDRM 





Gate Trigger Current IGT 


Gate Trigger Voltage VGT See Fig. 9 





Gate Non-Trigger Voitage 0.2 





Critical Rate-of-Rise of Off-State Voltage dv/dt 





| Bo EV 
RGK=1k2 10 /us 
Holding Current IH | Vo=24v, RGK=1k2 2 al 10 | mA | See Fig. 10 
Vpm=2/3VprM. 1j=110°C _ 


Circuit Commutated Turn-Off Time dv/dt=10V/us, VR=50V 15 us 
Ip=2A, RGK=1k2 L 


Vpm=2/3VprRn. ITM=30A | 

















Turn-On Ti 
urn-On Time tgt Ig=5mA, tyG=Bus 











Rthij-c) | Junction to Case See Fig. 11 


Thermal Resistance : - - CW - 
Rth(j-a)_ | Junction to Ambient See Fig. 11 


EXAMPLE OF RgK INSERTION 











MEASUREMENT CIRCUIT 


Igt. VGT. VGD 
VDM = 6V peak 
502(2W) . V.R.50KQ 


502 (2W) 
: more than 100 kQ at IGT S10 pA 
“ Inner Resistance : more than 1 MQ SW open 
more than 20 k2 





NEC ELECTRON DEVICE 


Fig. 1 l-m@—V 7m Characteristics 







































































On-State Current I7)y (A) 









































6) 1 2 3 4 5 6 7 
On-State Voltage VTpy (V) 


Fig. 3 ITm-tp Ratings 


1000 
= Tc = 65°C 


| 


hy 


io) 


1 


Ki=4 SH = 50 
DOK SROKE +3 Kn000-250tp.0 s. 


Peak On-State Current Iqnq (A) 


i {ty l 
1004 Im 10m 
Pulse Width tp (s) 





1 10 


Fig. 5 Pt(av)—!t(av) Characteristics 



























































= 10 

a oy, 
8 

Spt center 

a 6 {|_| 90° L 
@ 60° 

jay 30° L 
3 

z 4 - 

Q 

& 7 + 

a 

§ rat 

g 

q 9 1 2 3 4 5 


Average On-State Current 7 (av) (A) 


Case Temperature Tc (°C) 
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Fig. 2 ITs Rating 
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Fig. 4 I1TM—tp Ratings 
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Peak On-State Current Itpy (A) 


20K 5k 10K °K) | 1K 500 250 


Ty 10u 100u 1m 10m 
Pulse Width tp (s) 





Fig.6 To—!T(avy) Ratings 


ree convection 
























































Average On-State Current It(av) (A) 





2S2M,2S3M,2S4M NEC ELECTRON DEVICE 


Fig. 7 Ta—It(ay) Ratings Fig. 8 IG7—Ta Typical Distribution 











Free convectio 
















































































Ambient Temperature Ta (°C) 
Gate Trigger Current IGT (uA) 





















































































































































































































































0 0.2 0.4 0.6 0.8 1.0 —40 —20 0 20 40 60 80 100 
Average On-State Current IT(av) (A) Ambient Temperature Ta (°C) 
Fig. 8 VGT—Ta Typical Distribution Fig. 10 1}4—Ta Typical Distribution 
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Fig. 11 Zp, Characteristics 
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8 (free convection) 
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rs) 
€ 
o 
sas 
Sa 
€ 
2 
2) 
& T 
= 

0.1 

10yu 100u im 10m 100m 1 10 100 


Time t (s) 


NEC crecraon oevice 2S2M,2S3M,2S4M 


NOTICE FOR INSTALLATION 

1. Electrode leads (especially heat sink tablet) are not granted to be bent because of wet-proof. However in case it is required 
inevitably, a mechanical stress should not be put on mold. Fix tightly between the mold case and the area to be formed or 
bent. 

2. Electrode leads should not to be bent more than twice over 90°. Avoid the bending within 1.5 mm from the neck 


of mold case. 
3. Special lead and heat tab formings as indicated below are available at an additional cost. 


b 
<a = de 
tye 


Measurement 


Type-BY Type- AY Type- YC Type- YB Type- YA Type-CY 








4. The surface of heat sink for thermal radiator is to be smooth without any foreign matter. 
. Suitable torque value is 4 ~~ 5 kg.cm. 
6. Soldering 
© Recommended solder: PbSu (4 : 6) 
Melting point 180°C 
© Dimension from the neck of leads to dipping points .. 2.6... ke ee ee ee eee ee eee 4~6mm 
© Soldering temperature and period 


a 


250°C less than 5 usec. 


Ce 


230°C less than 10 usec. 


Ce 


ar 





GLASS PASSIVATED 
3A(4.7Arms)MOLD SCR 


3P1M,3P2M,3P4M,3P5M,3P6M 


NEC 


ELECTRON DEVICE 


The 3P1M~3P6M are P-gate all diffused mold type SCR granted average 
on-state current 3 Amps (Tc =87°C). Being applied glassivation technique 


OUTLINE DRAWING (Unit : mm) 


to pellet’s surface, they feature a quite high reliability. 





FEATURES 
@ The pellet surface is quite stable physically and electrically by applying 


glassivation technique. 
















































































@ High junction temperature rating provides free application design. bos 
@ Easy installation by its miniature and thin electrode leads. * 
APPLICATIONS ae 4.7MAX, 
Various temperature control, Electronic jar. 
Electric sewing machine, Automotive application such as regulator, Speed o 
control of motor. _ juss 
Various solid state relay etc. 
@ Cathode 
@) Anode 
@ Gate 
| MAXIMUM RATINGS | 
ITEM SYMBOL 3P1M 3P2M 3P4M 3P5M 3P6M UNIT NOTE 
Non-Repetitive Peak Reverse Voltage ie. VRSM [— 150 300 500 600 700 = Vv 
Non-Repetitive Peak-off Voltage VosM | 150 300 500 600 700 | Vv 
Repetitive Reverse Voltage VRRM pe 100 200 400 500 600 Vv ht eo] 
Repetitive Peak-off Voltage [Yor 100 200 400 500 | 600 2 
: maul | 3(T ¢=87°C, 8 = 180 ote 
n-state Current tse al Single Phase half wave) A Fig 6 
ITIRMS) | 4.7 
Surge On-state Current ITsm 65 A Fig. 2 
Critical Rate-Rise of On-state ae di/dt aa 50 
Gate Power Dissipation Pom 2(f 2 50Hz, duty < 10%) 
Gate Power Dissipation PG(AV) 0.2 
Gate Forward Current -_ ae 1(f 2 50Hz, duty S 10%) 
Gate Reverse Voltage VRGM sil 10 
Junction Temperature Tj -40 ~ +125 
Storage Temperature Tstg -40 ~ +125 
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3P1M,3P2M,3P4M,3P5M,3P6M NEC etectron o€vice 








ELECTRICAL CHARACTERISTICS (T; = 25°C) | 


ITEM SYMBOL CONDITIONS MIN. . . UNIT NOTE 


Repetitive Peak R 
epetitive Fea everse ° 

j= 125°C =V - 
Curent | _'RRM te 125°C, VRm=VRRM 


Repetitive Peak-off Current DRM | 7) =125°C, Vom=VprRM 














On-state Voltage VT™ 3 ItTM=10A 

Gate-trigger Current Tie Vom =6V, Ry =1002 
Gate-trigger Voltage Vom =6V, Rx, = 1002 

Gate Non trigger Voltage | T)=125°C, Vom= VoRM/2 














Critical Rate-of-Rise of 
te ° = Vv 
Off-State Voltage T)=125°C, Vpom=2/3VD RM 














Holding Current ly T Vpm=24v 


Reni. Junction to Case 
Terma! Resistance = th(j-c) ap 


Rth({j-a) Junction to Ambient 


























NEC etectron oevice 3P1M,3P2M,3P4M,3P5M,3P6M 


Fig. 2 Itsnm Rating 














Tj=125°C 



































On-state Current iz (A) 























Surge On-state.Current (A) 
























































On-state Voltage vr (V) 


Fig. 3 Gate Characteristic 


ES psa i 
mye 











Gate Foward Voltage Vrc (V) 


f 250Hz 
duty $ 100%” 

















On-state Avarage Power Dissipation Pray) (W) 









































0 0.5 1.0 
Gate Foward Current Ip¢ (A 








Avarage On-state Current tyav) (A) 


Fig. 5 To—!tT(ay) Rating Fig. 6 Ta—IT(ay) Rating 
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Y RNMENT 


Average On-state Current iqay) (A) Average On-state Current Incav) (A) 


Case Temperature Tc (°C) 
= 





Ambient Temperature Ta (°C) 
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3P1M,3P2M,3P4M,3P5M,3P6M NEC ttectron vevice 


Fig. 7 Zt, Characteristic 
























Transient Thermai Resistance Z,, (°C/W) 
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NEC 


ELECTRON DEVICE 


The 3P1MH ~ 3P4MH are P-gate all diffused mold type SCR granted 
average on-state current 3 Amps (Tc = 87°C). Being applied glassivation 
technique to pellet’s surface, they feature a quite high reliability. 


FEATURES 


©@ The pellet surface is quite stable physically and electrically by applying 


glassivation technique. 


@ High junction temperature rating provides free application design. 
@ Easy installation by its miniature and thin electrode leads. 


APPLICATIONS 


Various temperature control, Electronic jar. 


Electric sewing machine, Automotive application such as regulator, Speed 


control of motor. 
Various solid state relay etc. 





MAXIMUM RATINGS 





ITEM SYMBOL 


GLASS PASSIVATED 


3A(4.7Arms)MOLD SCR 


3P1MH,3P2MH,3P4MH 






OUTLINE DRAWING (Unit : mm) 


33.3MAX. 











_| 18s 
2.55 2.55 
m oo @ Cathode 
@ Anode 
.OMAX. 
" @ Gate 








Non-Repetitive Peak Reverse Voltage ~ VRSM 





Non-Repetitive PeakkOff Voltage is VpDsM 





Repetitive Reverse Voltage VRRM 





es 
Repetitive Peak-off Voltage VDRM 





IT 
On-state Current 1AM) 


3(T c= 87°C, 6 =180 
Single Phase half wave) 





IT(RSM) 


4.7 





Surge On-stage Current ITSM 
Critical Rate-Rise of On-State Current 


Gate Power Dissipation 


65 


0.5(f 2 50Hz, duty < 10%) 





Gate Power Dissipation 





0.1 





Gate Forward Current 


0.2(f 2 50Hz, duty <10%) 





Gate Reverse Voltage 


10 





Junction Temperature 





-40 ~ +125 








Storage Temperature 





-40 ~ +125 








*Note : Insert a resistance below 1 kQ between gate and cathode, because the items are guaranteed by connecting short resistance 


between gate and cathod (RGK=1 kQ). 


Tc : Case Temperature is measured at 1.5 mm from the neck of Tablet. 
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Nippon Electric Co. Ltd. 


or Livin,or é2ivinrl,or +iviri [VEG ELECTRON DEVICE 








ELECTRICAL CHARACTERISTICS (T; = 25°C) | 





SYMBOL CONDITIONS 


+————— 


IRRM Tj)=125°C, Vam=VRRM. RGK=1k2 





Repetitive Peak Reverse 
Current 


Repetitive Peak-off Current ay Spans Tj=125°C, Vpom=VbRM. RGK=1k2 
On-State Voltage VTM ItTM=10A =k 
Gate-trigger Current IGT Vom=6V, Ry =1002, RGK =1kQ 
Gate-trigger Voltage VGT Vom=6V, R_=1002, RGK=1k2 
Gate Non trigger Voltage VG6pD Tj=125°C, Vpom=VbRmM/2. RGK=1kQ 




















Critical Rate-of-Rise of _ ‘ Fs 2 
Off-State Voltage Tj=125°C,VpM=2/3VDRM,RGK=1k2 


Holding Current Vom=24V, RGK=1ka 


Junction to Case 



































Thermal Resistance 
Junction to Ambient 








EXAMPLES OF Rox INSERTION 


P.T. Re 


Rox =Rit Re Rox=rs +Re 
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IW & $=ELECTRON DEVICE 


On-state Current is (A) 


Gate Trigger Current lot (sA) 


Holding Current |y (mA) 


Fig. 1 it —vT Characteristic 


100 














50 














10 
























































On-state Voltage or (V) 


Fig. 3 I|Gt —Ta Typical Characteristic 










































































—40 0 40 80 120 


Ambient Temperature Ta (°C) 


Fig. 5 py —Ta Typical Characteristic 



































Ambient Temperature Ta (°C) 
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Surge On-state Current (A) 


Gate Trigger Voltage Vcr (V) 


On-state Avarage Power Dissipation Pray) (W) 


wt SEWER Ey WE Ge tVEbtgwt —wivwiss 


Fig. 2 I7snm Rating 

































































Cycles 


Fig. 4 Vq@t—Ta Typical Characteristic 






























































—40 0 40 80 120 





Ambient Temperature Ta (°C) 


Fig. 6 PT(Ay) — 't(av) Characteristic 





















































Avarage On-state Current Itav) (A) 


Ni; E Cc ELECTRON DEVICE 


3P1MH,3P2MH,3P4MH 


Fig. 8 Ta—It(ay) Rating 


Fig. 7 Tco—I!t(ay) Rating 














































































































(9.) °L aunjesadwiay aseo 


Average On-state Current Itav) (A) 


Average On-state Current Inav) (A) 


Fig. 9 Zep Characteristic 




















































































































ZI 





































































































M QO.) ‘VZ aduejsisay |BW4dYy, JUalsues{ 


Time t (sec) 





EC GLASS PASSI VATED 
ELECTRON DEVICE 5A(8 Arms) THYRISTOR 
5PO5M, 5P IM, 5P2M, 5P4M, 5P5M, 5P6M 


Outline Drawing (Unit : mm) 
The 5PO5M ~ 5P6M are a P gate all diffused mold type Thyristor 





4.8MAX. 
granted 5Amp On-state Average Current (Tc = 88°C). The glas- $3.6 p/0.5MAX. 1 os 
sivation technique applied to pellets’ surface makes this series ®@ 
quite highly reliable. 
FEATURES 
@ Glassivated silicon chip for maximum reliability. 
@ Easy installation by TO-220 AB package. 
z 
@ Low cost. = 
So 
= 0.7 
254 2.54 
Pin Connection 
@ Cathode 
@ Anode 
APPLICATIONS 
@ Gate 


@ Motor speed control for household appliance. 

@ Temperature control for heater and constant temperature 
box. 

@ Constant voltage power source and battery charger. 

@ Automotive application such as regulator. 


@ Various solid state relay etc. 





NEC ELECTRON DEVICE 


MAXIMUM RATINGS 














Item 





5 (Tc = 88°C, 8 = 180° Single phase 
half wave) 


Non-Repetitive Peak Reverse Voltage 








Non-Repetitive Peak Off-State Voltage 





Peal 


N 


Repetitive Peak Reverse Voltage 












Repetitive Peak Off-State Voltage 









Average On-State Current Itiay) 












Surge On-State Current ltsm 100 
Fusing Current 28 (1 ms <t< 10 ms) a 


Peak Gate Power Dissipation Pom 5 (f > 50 Hz, duty < 10 %) 
Average Gate Power Dissipation Poiav) 0.5 
Vaam 








> 


Peak Gate Forward Current 


Peak Gate Reverse Voltage 






Junction Temperature Tj -40~+110 °c 
Storage Temperature Tstg —40 ~ +125 ae 






Weight 


anes eee ed 





ELECTRICAL CHARACTERISTICS (Tj=25'c) 


Repetitive Peak Off-Stat . 
V tessa 


Gate-Trigger Current Lict Vom= 6V, R, = 1002 | - | = | 15 | ma | 
Gate-Trigger Voltage | Vor | Vom= 6V, Ry = 10082 PF - | - | 15 [ v | See Fig. 3 
ake 


Gate Non-Trigger Voltage | Veo | Vom= 2Voam. Ti= 110°C 


ws fiovominve fo | [uss] 


T™ 
IGT 
VGT 























Critical Rate of Rise of 
Off-State Voltage 


Holding Current 









Itm= 5A, Vaz 25V 
Vom = 7%3Vpr_M. diR/dt = 15 A/ps 
dv/dt = 10V/ys, Tj = 110°C 


Ftunetionoease «| = | =] 3 [Pew] see Fie 7] 






Circuit Commuted Turn- 
Off Time 


Thermal Resistance 





On-State Current 17 (A) 


Gate Forward Voltage Vec (V) 


Case Temperature Tc (C) 











5P05M,5P1M,5P2M,5P4M,5P5M,5P6M 


Fig. | it—vt Characteristic 



































On-State Voltage vt (V) 


Fig.3 Gate Characteristic 





Gate Trigger 
A” Voltage Vet (V) 
1 1 1 





Gate Trigger 
Current Iot (mA) 






































Gate Forward Current Ipc (A) 


Fig.5 Te—lIt(av) Rating 





SS 
PL ARS _| 2 
Pay 




















BR 


On-State Average Power Dissipation Prcav) (W) Surge On-State Current Itsm (A) 


Average On-State Current Itcav) (A) 


Fig.2 Itsm Rating 


Initial 


Tj=110T 






























































Cycles 


Fig.4 Prcav)—lt(av) Characteristic 















3 
ey 
S/ Z4GReeneee 
A 


Average On-State Current It(av) (A) 








10 12 


Fig.6 lIt(av)—Ta Rating 


Note: This shows only the case 
that conduction angle 1s 





by the following co-ef- 
ficients 

oc 130 60° 0.72 
120° 0.91 30° 0.58 





Heat Sink 
4.5T/W 





Ambient Temperature Ta (T) 


NEC ELECTRON DEVICE 


Fig.7 Zth Characteristic 


an 
itor to case Seal 


Transient Thermal tmpedance Zth (/W) 





Time t (sec) 





NOTICE FOR INSTALLATION 
1, Electrode leads are not granted to be bent because of wet-proof. However it is required inevitably that a mechanical 


stress should not be put on mold case. Fix tightly between the mold case and the area to be formed or dent. 

2. Electrode leads are not granted to be bent more than twice over 90° and avoid the bending within 1.5mm from the 
neck of the mold case, 

3. The surface of heat sink for thermal radiator is to be smooth without any foreign matter. 


4, Suitable torque value is around 3kg-cm. 
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NEC 


ELECTRON DEVICE 


GLASS PASSIVATED 
SCR 8P1M 8P2M 


The 8P1M, 8P2M are a P gate all diffused mold type Thyristor granted 12 


Amp On-state Current. The glassivation technique applied to pellets 


surface makes this series quite highly reliable. 


FEATURES 


® Glassivated silicon chip for maximum reliability. 


@ Easy installation by TO-220AB package. 


@ Low cost. 


APPLICATION 


Motor speed control for household appliance. 


Temperature control for heater and constant temperature box. 


Constant voltage power source and battery charger. 


Automotive application such as regulator. 


Various solid state relay etc. 


MAXIMUM RATINGS 


Item 





Non-Repetitive Peak Reverse Voltage 





Non-Repetitive Peak Off-State Voltage 





Repetitive Peak Reverse Voltage 


10.5MAX. 




















Repetitive Peak Off-State Voltage 





On-State Current 


ot 


IT (RMS) 





Surge On-State Current 


Fusing Current 

















12 
100 


28 (1 ms St S10 ms) 








Peak Gate Power Dissipation 





Average Gate Power Dissipation 








Peak Gate Forward Current 


Peak Gate Reverse Voltage 





5 (f 2 50 Hz, duty £10 %) 
0.5 
2 (f 250 Hz, duty S10 %) 

















Junction Temperature 





Storage Temperature 





10 
—40 ~ +125 








—40 ~ +125 
2 


Outline Drawing (Unit: mm) 


BMAX. 
+ 
0.7 
3.0 








1. Cathode 
2. Anode 
3. Gate 








SCR 8P1M 8P2M NEC ttectron vevice 


ELECTRICAL CHARACTERISTICS (T;=25 °C) 


Condition 














Repetitive Peak Reverse Current VrRM™ = Veen, Tj = 125°C 








Repetitive Peak Off-State Current Vom = Vor, Tj = 125°C 











On-State Voltage ltrm=25A : See Fig. 1 
; TY - = 
Gate-Trigger Current Vom = 6V, Re = 1002 
Gate-Trigger Voltage Vom = 6V, RL = 1002 






































Gate Non-Trigger Voltage Vom = %VprRM, Tj = 125°C 


Critical Rate of Rise of Off-State 


Voltage Vom = Vor, Tj = 125°C 


Holding Current 


ItTm = 5A, VR2 25V 
Circuit Commuted Turn-Off Time Vpn = 74 Vpr~M, diR/dt = 15A/us 
dv/dt = 10V/us, Tj = 125°C 




















Thermal Resistance Junction to case See Fig. 7 

















Fig. 1 if — VT Characteristic Fig. 2 ITSM Rating 
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Surge On-State Current IToyq (A) 
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On- State Current i 7 (A) 
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Cycles 


























On- State Voltage v7 (V) 


NEC uectron vevice 


Gate Forward Voltage Veg (V) 


Case- Temperature Te (°C) 


Fig. 3 Gate Characteristics 





Gate Trigger 
Voltage Vez (V) 











ate Trigger 
urren 




































































1.0 2.0 
Gate Forward Current Ig (A) 


Fig. 5 TC — IT(AV) Rating 




































































Average On- State Current IT (AV) (A) 


an 


On-State Average Power Dissipation PT(aV) (WwW) 


Ambient Temperature Ta (A) 


SCR 8P1M 8P2M 


Fig. 4 PT(AV) — IT(AV) Characteristic 






















































































0 2 4 6 8 10 12 14 
Average On-State Current It (ay) (A) 


Fig.6 IT(AV) — Ta Rating 
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Average On- State Current ly (ay) (A) 


NEG ELecTRON DEVICE 


SUCK SPIM SPZM 


Fig. 7 Zth Characteristics 
























































Juncion to Ambient 
(free convection 
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10-1 


10-2 


10-3 


Time t (sec) 
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NEC 


ELECTRON DEVICE 


The C1060 ~ C106M are P-gate all diffused mold type SCR 
granted average on-state current 2Amps (Tc = 54°C). Being 
applied glassivation technique to pellets’ surface, they 
feature a quite high reliability. 


FEATURES 


@ The pellet surface is quite stable physically and electri- 
cally by applying glassivation technique. 
@ Easy installation by its miniature size and thin electrode 


leads. 


®@ Less holding current distribution provides free application 


design. 


® Low cost because of mass-production. 


APPLICATIONS | 


MOTOR CONTROL 


LIGHT 


TEMPERATURE 


PRESSURE 
TIME 


LIQUID LEVEL 


Electric Model Trains 
Sewing Machines 
Movie Projectors 
Food Mixers 

Electric Fans 

Slot Racing Cars 


Flame Detectors 

Moving-Light Signs (Chasers) 

Driver for Computer Readout 
Lights 

Harbor Buoy Flashers 

Automotive Warning Systems 

Nixie & Neon Drivers 


Range Surface Unit (Hybrid) 

Chemical Processing 
(Photographic, etc.) 

Food Warmer Tray 

Bearing Temperature Sensor 

Electric Blanket Control 


Auto Oil Pressure Gage 
Hot Water Boiler Safety Monitor 


Photo Darkroom Exposure 
Oven Timer 

Vending Machine Logic 
Industrial Process Control 


Basement Sump Pump 

Automatic Coffee Maker 

Automatic Shutoff for Vending 
Machines 
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2A(4Arms)MOLD THYRISTOR 


C1060,Y,F,A,B,C,D,E,M 


REMOTE CONTROL 


DRYNESS 


PROXIMITY 


COUNTING 


SWITCHING 


AMPLIFIERS 


IGNITION 


DETECTION 


Outline Drawing (Unit: mm) 












TYPE 1 
3.2¢ 
TT 
> 
.-¢ 
3 
®@ o 
5c 
nS 
ie 
ise) 
ni 
1.3 4.7MAX. 
0.8 
wo 
B ae 
@ 
1.55, 
2552.55 G 
a mm om 
1. Cathode 
2. Anode 
10.0MAX. 3. Gate 


Armchair TV Control 

Master Switching Stations for 
for Home 

Garage Door Openers 

Power Switch 


Clothes Dryness Sensor 


Burglar Alarm 
Touch Swith 
Electric Door Openers 


Low Speed Ring Counters 
Shift Registers 


Relay Replacement 

Solenoid Drivers 

Latching Relay Replacement 
Power Flip Flops 

Low Power Inverters 
Thyratron Tube Replacement 


Gate Amplifier for Larger 
SCR’s, Triacs 
—Blenders 
—Hand Tools 


Small Gas Engines 
Gas Appliances 


Voltage (Battery Charger) 
Current (Crowbar) 


C1060,Y,F,A,B,C,D,E,M 





MAXIMUM RATINGS 


Repetitive Peak Reverse Voltage 


VRRM 


VDRM 


NEC ELECTRON DEVICE 


Repetitive Peak Off-state Voltage 


RGK = 1k2 











Symbol 


15 Volts 
30 Volts 
50 Volts 
100 Volts 
200 Volts 
300 Volts 
400 Volts 
500 Volts 
600 Voits 


Maximum Ratings 


15 Voits 
30 Voits 
50 Volts 
100 Voits 
200 Volts 
300 Volts 
400 Volts 
500 Volts 


600 Volts 








a 


IT(AV) 
On-state Current 


2 (Tc =54°C, 6 = 180° 
Single phase 1/2 wave) 





IT(RMS) 


4 








Rise of Forward Current di/dt 


Surge On-state Current 





Gate Power Dissipation 


Gate Power Dissipation 


50 (non-repetitive) 
20 (non-repetitive)} 
0.5 (f > 50 Hz, duty > 10%) 


Gate Forward Current 'EGM 0.2 (f > 50 Hz, duty > 10%) 


Gate Reverse Voltage 


Junction Temperature 


6 
—40~+110 








Storage Temperature 





—40 ~ +150 








Weight 


EXAMPLE OF Rg INSERTION 


Ri 





Rok=R 





14 





1+ Ro 

















NEC ELECTRON DEVICE 


ELECTRICAL CHARACTERISTICS (Tj = 25°C) 


Typ. 
aie 
10 













Repetitive Peak Reverse Current 
Repetitive Peak Off-state Current 


8 


uAdc 
Gate-Trigger Current IGT 


uAdc 





Volts 
DC 


Volts 
DC 


Volts 


Gate-Trigger Voltage 





Volts 








On-state Voltage 


uA VRRM = VoRM = Rated Value 
Te = 25°C, RGK = 1000 Ohms 

uA VRRM = VorRn = Rated Value 
Tc = 110°C, RgK = 1000 Ohms 


3/3 \w] 
alg : 

Qa;a 

a|e 


C1060,Y,F,A,B,C,D,E,M 















Test Conditions 





Tc = 25°C, Vp = 6Vde, Ry = 100 Ohms 
RGK = 1000 Ohms 


Tco= —40°C, Vp =6 Vdc, Ry = 100 Ohms 
RGK = 1000 Ohms 


To = 25°C, Vp = 6 Vdc, Ry = 100 Ohsm 
RGK = 1000 Ohms 


To= —40°C, Vp = 6 Vdc, Ry. = 100 Ohms 
RGK = 1000 Ohms 


Tc = 110°C, Vp = Rated Vprm Value 
R_ =3000 Ohms, RgK = 1000 Ohms 


Tc= 25°C, lym = 4 Amperes Peak, 
Single Half Sine Wave Pulse, 
2 Millisec. Wide 


TC = 25°C, Vp = 12 Vde, RGK = 1000 Ohms 
Tc = —40°C, Vp = 12 Vde, RGK = 1000 Ohms 
To = 110°C, Vp = 12 Vde, REK = 1000 Ohms 

























0.3 1.0 
Holding Current }o4 [15 | 

0.14 | 06 | 2.0 | mAde 
Latching Current IL 1.5 4.0 mAdc 


Adc 








= 
LS) 


Micro- 
Turn On Time 





Micro- 
Commutated Trun-Off 
Time 








B 


Volts/ 
Critical Rate-of-Rise of Off-state Micro- 
Voltage second 


seconds 


seconds 






Tc = 25°C, Vp = 12 Vde, RGK = 1000 Ohms 


Tc = —40°C, Vp = 12 Vdc, RGK = 1000 Ohms 


To = 110°C, Vp = Rated Vprm Value 
RGK = 1000 Ohms 





















Tc = 25°C, Rated Vprm Value 
it = 1 Ampere, Gate Pulse = 4 Volts, 
300 Ohms, 5 Microseconds Wide 


Tc = 110°C, rectangular current waveform 
Rate of rise of current <10 amps/usec. 
Rate of reversal of current <5 amps/usec. 
ly = 1 Amp (50 usec pulse). Repetition 
Rate = 60 pps. Vary = Rated 

VR = 15 Volts Minimum. Vp = Rated 
Rate of Rise Reapplied Forward 

Blocking Voltage = 5 Volts/usec. 

Gate Bias = 0 Volts, 100 Ohms 

(during turn-off time interval). 






Case temperature (TC) is measured in the center of the tab, 1.5mm from the body on Type 1 and Type 3 devices, 
and in the center of the anode lead, 1.5mm from the body on Type 2 devices. 


MEASUREMENT CIRCUIT 
let, Vor. Veo 
Vom = 6Vpeak 
500(2W) ~ 


Given Vi 
lor= 


~ Y00Q ~ 
Vor Vop = Given V2 








ee 
“Vy: more than 100kQ at IgT S10uA 
V2: more than 1MQ SW open 


* Inner Resistance E : more than 20kQ 





V.R.50k Q 


C1060,Y,F,A,B,C,D,E,M 










































































Fig. 1 Itm-VtTM Characteristics 
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Gate Trigger Current ior (4A) 


Case Temperature Tc (°C) 
fez} 
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0 04 08 12 16 2.0 24 28 3.2 36 4.0 
On-State Voltage Vi (V) 
Fig. 3 Tco-!T(Ay) Ratings 
120 












































(A) 


Average On-State Current ly, yy) 


Fig. 5 Iqg7-Ta Typical Distribution 
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—40 


—20 0 20 40 60 
Ambient Temperature Ta (°C) 


80 100 


RR 


Ambient Temperature Ta (°C) 


Gate Trigger Voltage Vor (V) 


Average On-Sower Power Dis: ipation P.,4;, (W) 


NEC ELECTRON DEVICE 


Fig. 2 Pr(av)-!t(ay) Characteristics 





TYPES 1 & 



























































10) 1 2 3 4 5 
Average On-State Current |, (AV) (A) 





Fig. 4 Ta- I t(ay) Ratings 
120 














40 









































0.8 
(A) 


0 0.2 0.4 0.6 


Average On-State Current ly, \\, 


1.0 


Fig. 6 VGtT-Ta Typical Distribution 
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20 60 
Ambient Temperature Ta (°C) 
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NEC ELECTRON DEVICE 


C1060,Y,F,A,B,C,D,E,M 




























































































Gate Trigger Current |. (aA) 












































































































































Fig. 7 IGtT-7G Typical Distribution Fig. 8 VGT-7G Typical Distribution 
. 3 Ta= 25°C 
Trigger pulse : Trigger pulse: 
Rectangular Rectangular wave form 
wave form. 
2 
aid 
So 
= 
° 
> 
oO 
DD 
20 
fs 
vo 
s 
ro) 
a 
1} 
il 
1 2 4 6 10 20 4060 100 1000 1 2 4 6 10 20 4060 100 1000 
Trigger pulse width % (xs) Trigger pulse width %& (us) 
Fig. 9 Ipy-Ta Typical Distribution Fig. 10 Its Ratings 


Non-repetitive 








Holding Current In (mA) 





Vo=12Vdc. Rak = 1kQ 
lox40mA( t= 10ms) 























Surge On-State Current I). (A) 





ction temperature before 




















Transient Thermal Impedance Zin (°C/W) 














surge current flows 
4 












































0 20. 40 #60 80 °° 100 1 2 4. 6 10 20 40 60 
Ambient Temperature Ta (°C) Cycles f =50Hz 


00 


Fig. 11 2, Characteristics 


























Juncion to Ambient | 
(free convection) 
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C1060,Y,F,A,B,C,D,E,M 


NEC ELECTRON DEVICE 


SPECIAL LEAD & HEAT TAB FORMINGS 


‘ 
lis 


=) 








TYPE 2 TYPE 3 TYPE-BY 
e 
Outline Drawing (Unit: mm) 
f g d . . 





TYPE-YB TYPE-YC TYPE-AY. 


NOTICE FOR INSTALLATION 


1. 


pS 


Electrode leads (especially heat sink tablet) are not granted to be bent because of wet-proof. However in case it is required 
inevitably, a mechanical stress should not be put on mold. Fix tightly between the mold case and the area to be formed or 


bent. 
Electrode teads should not to be bent more than twice over 90°. Avoid the bending within 1.5 mm from the neck 


of mold case. 


. The surface of heat sink for thermal radiator is to be smooth without any foreign matter. 


. Suitable torque value is 4 ~ 5kg.cm. 


- Soldering 
© Recommended solder: PbSu (4 : 6) 
Melting point 180°C 
O Dimension from the neck of leads to dipping points . 2... 2... ee ee ee ee ee te ee es 4~6mm 
© Soldering temperature and period 
DBO Cie vik dana EY SEE Nh ae RA RA See PORES le less than 5 usec. 
FAC cleave oaths EAs MERA cea eae en east cae less than 10 psec. 
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NEC SCR 


ELECTRON DEVICE C122F~C122M 


The C122F~C122M are a P gate all diffused mold type SCR 
granted 8Amp On-state Current. The glassivation technique Outline Drawing (Unit: mm) 


applied to pellet’s surface makes this series quite highly reliable. 


4.8MAX. 


FEATURES 
@ Glassivated silicon chip for maximum reliability. 
@ Easy installation by TO-220 AB package. 








@ Low cost. 
Pin Connection 
1. Cathode 
2. Anod 
APPLICATIONS 3. Gate. 


® Motor speed control for household appliance. 

® Temperature control for heater and constant temperature 
box. ; 

® Constant voltage power source and battery charger. 

® Automotive application such as regulator. 

@ Various solid state relay etc. 


C122F~C122M 





NEC ELECTRON DEVICE 


MAXIMUM RATINGS 


Item 





Symbol 





Non-Repetitive Peak Reverse Voltage 


VRSM 





Non-Repetitive Peak Off-State Voltage 


a 


VpsM 





Repetitive Peak Reverse Voltage 


VRRM 





Repetitive Peak Off-State Voltage 


VDRM 











RMS On-State Current 


Average On-State Current 
Critical Rate-Of-Rise of On-State Current 


Surge On-State Current 


IT(RMS) 
IR(AV) 


di/dt 


ITSM 


8 (All conduction angles) 


See Fig. 4 and 6 


100 (Switching from 200 Volts) 
50 (Switching from 500 Volts) 


90 (60Hz), 82 (50Hz) 





Fusing Current 


2 
Sipdt 


34 (at 8.3ms), 27 (at 1.5ms) 





Peak Gate Power Dissipation 


PGM 


5 (10us pulse width) 





Average Gate Power Dissipation 


| 


PG(AV) 


0.5 





Peak Gate Forward Current 


lFGM 


See Fig. 7 





Peak Gate Reverse Voltage 


VRGM 


5 











Junction Temperature 


— 


Tj 


—40 ~ +100 








<a he 


Storage Temperature 





Tstg 


—40 ~ +125 
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NEG ccectron vevice CiZZF~UC1ZZMi 


ELECTRICAL CHARACTERISTICS 


Repetitive Peak Reverse Tc=+28°C 
Current 


[| Min. | 

co oo re 
Repetitive Peak Off-State ton | Se ON © 

On-State Voitage 










































Gate-Trigger Current 








Gate-Trigger Voltage 















Tc=+100°C, Vpom=VpRM 
Ri=1 kQ 
Tc=+100°C, Vpm=VorRM 
dv/dt | Gate Open Circuited 

Linear Wareform 


Cc +26°C ie 


Tc=+100°C, 17 y=10A peak 
tq di/dt=—SA/us, Vp=VpoRM 3. 50 - Us 
VR212V, dv/dt=10v/us 


Thorne Resntnce [BORCS)| ction toease | 
Renna 





Gate Non-Trigger Voltage 















Critical Rate of Rise of 
Off-State Voltage 






Holding Current 















Latching Current 









Circuit Commutated 





Turn-off Time 
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C122F~C122M NEC ELECTRON DEVICE 
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Gate Foward Voltage VEG (V) 


Holding Current Iq (mA) 


NEG tcectron vevice C122F~C122M 
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Fig. 7 Gate Characteristic Fig. 8 VGT—Tc Characteristic 
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NOTES 
t ANODE VOLTAGE *6 VOC 
2. LOAD RESISTOR +91 OHMS AT 25°C, 
45 OHMS AT -40°C 
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Gate Trigger Current IGT (mA) 

















Gate Trigger Current 1GT (mA) (Peak Valve) 
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Fig. 11 lpy — Te Characteristic Fig. 12 2th Characteristic 
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T 
MO duavE OEFINES TEMPERATURE RISE OF JUNCTION 
ABOVE CASE FOR SINGLE LOAD PULSE OF OURATION(t), 
PEAK ALLOWABLE POWER DISSIPATION IN THYRISTOR 
FOR TIME (1), STARTING FROM CASE TEMPERATURE 
EQUALS 100°C (MAX T} MINUS CASE TEMPERATURE 
DIVIDED BY THE TRANSIENT THERMAL IMPEDANCE: 
100°C ~7, 
PrEaKepo ne 
@uC {t) 
2.FOR OPTIMUM RATINGS AND FURTHER INFORMATION, 
SEE PUBLICATION 200.9 ENTITLED, “POWER SEMI- 


CONOUCTOR RATINGS UNDER TRANSIENT AND 
INTERMITTENT LOADS: 

















40}- 


NOTE: PEAK INITATING ON-STATE CURRENT 
EQUALS 0.5 AMPERES 














Transient Thermal Impedance Zth (°C/W) 





T 

+ 

—+— 
leat ale i al 

1. 





3.001 0.004 0.01 0.04 Ou 04 10 40 10.0 














2040 -30 =20 = 10 ° 10 20 30 Time t (S) 


Case Temperature Tc (°C) 
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NEC TO-92 MOLD THYRISTOR 


ELECTRON DEVICE 0.8A RMS SCR 
C203Y~C203D 


The C203Y ~ C203D are P-gate all diffused mold type SCR rated at 0.8 
Amps RMS maximum on-state current, with rated voltages up to 400 volts. OUTLINE DRAWING (Unit : mm) 


$5.2MAX,. 


iran 






FEATURES 


@ Plastic TO-92 package 
@ 200uA gate sensitivity 0.65°MAX. 
@ 5 mA holding current lis 
@ 8 A surge current 


@ 30 through 400V selection 


APPLICATIONS 


@ Cassette tape recorder, Television 


® Automobile equipment 


1. Cathode 


@ Strobe flasher ca pee: 
. noge 


@ Automatic gas lighter 

® Solid-state relay 

® Light display equipment 

® Motor, solenoid and temperature control etc. 


MAXIMUM ALLOWABLE RATINGS 


A 











B 
Non-Repetitive Peak Reverse Voltage 150 | 300 








Non-Repetitive Peak Off-State Voltage 150 | 300 


10 | 200 


Surge On-State Current 

















Peak Gate Power Dissipation 


Average Gate Power Dissipation 


Peak Gate Forward Current 








Peak Gate Reverse Voitage 





Junction Temperature j —65 ~ +125 











Storage Temperature —65 ~ +150 


C203Y~C203D 


NE ELECTRON DEVICE 





CHARACTERISTICS (Tj = 25°C) (Uniess Otherwise Specified) 


ITEM SYMBOL 


CONDITIONS 








Peak Off-State Current !DRM 





Vpm=VpRM- RGK=1k2 





Peak Reverse Current IRRM 


NOTE 











VRM=VRRM. RGK=1k2 





On-State Voltage Ve yaa 


Itm=1A 








Gate Trigger Voltage a VGT 


Vpm=6V, R_=1002 
RGK=1k2 


See Fig. 1 





a 


Gate Trigger Current IGT 


Vom=6V, Ri =1002 








RGK=1k2 Tj=-65°C 








— 


Gate Non-Trigger Voltage VGD 


uPBGRFUS 


Vpm=V pr. RL=1k2 
pm=VorM RL Tj=128°C 





Critical Rate-of-Rise 
Off-State Voltage 





VpM=V DRM, RGK=1k2 








Holding Current | Vp=12V, RGK=E1k2 


Circuit Commutated 
Turn-Off Time 





Thermal Resistance 





tTu=1A, djpn/dt<5A/us 

VR2>15V, VoM=VpRM_ |: Tj=128°C 
dv/dt=20v/us, RGK=1002 

Junction to Case 

(flat side of case is temperature 
reference point) 














N; E Cc ELECT 


Ambient Temperature Ta (°C) 


Average On-State Power Dissipation Pray) (W) 


RON DEVICE 


Fig. 1 ttm- Vm Characteristics 

































































On-State Current  lt1m (mA) 















































On-State Voltage Vm (V) 


Fig.3 Priav)-'t(avy) Characteristics 











0.8 








S 
a 























0.4 








0.2 


























0 0.2 0.4 0.6 0.8 1.0 
Average On-State Current trav) (A) 


Fig.5 Ta-ttT(ay) Ratings 


free convection 




































































0 0.1 0.2 0.3 0.4 0.5 0.6 
Average On-State Current Ircav) (A) 





Heat Sink Temperature Ts (°C) 


A) 


C203Y~C203D 


Fig. 2 ITSsm Rating 


Non repetitive 








(Measured yes from unit) 


Surge On-State Current Jysy 


Case Temperature Tc (°C) 











Junction temperatur' 
prior to surge= 125°C 

































































1 2 4 6 810 20 40 6080100 







































































0 0.2 0.4 0.6 0.8 1.0 
Average On-State Current ray) (A) 


Fig.6 Ts — It (AV) Characteristics 























Average On-State Current Iqay(A) 


C203Y~C203D 


Fig. 7 — Characteristics 





























2m CC/W) 









































Transient Thermal Impedance 




















Holding Current I4(mA) 








=a 
= 
Los. 
| | TL 
































2 Junction to case (Measured at center cf flat side) 
113 Junction to heatsink (Mounted on 
1° arena aluminum heatsink) 




















Time t ay 


Fig.8 ty-Tj Charateristics 








Notes: 1.Vp=12V 
2.Caution : Vora. Vos, Varo. Verse 


do not apply for Rox greater than 
1kQ. 

































































400 600 800 1k IN 4k 
Gate to Cathode Resistance Rx (Q) 


6k m 10k 


NEC ELECTRON DEVICE 














NEC TRIAC 
ncn: _-ACOV8BGM,ACOV8DGM 


The ACOV8BGM, ACOV8DGM are all diffused type TRIAC 
granted RMS On-state Current 0.8 Amps. 

This series is designed specifically to be driven by low-level logic 
in any gating mode. maaan 


OUTLINE DRAWING (Unit: mm) 


FEATURES 


0.5 


This series offers sensitive gate specs of 5 and 10 mA, in all four 5 


quadrants. 

You can fill the gap between microprocessor controls and the 
power-output requirements. Ht { 
This series is housed in the popular TO-92 package. 0.40° IT | 





The package features excellent environmental stress and tem- 
perature cycling. 


14 MIN. | 5.0 





1.3.1.3 


APPLICATIONS 


Solid-state relays, microprocessor interfacing, TTL logic and 
various solid-state switch designs alone or with larger TRIAC. 





1.71 Terminal 
2. Gate 
3. T2 Terminal 


MAXIMUM RATINGS 


ITEM SYMBOL ACOV8BGM [| AcovepGM UNIT NOTE 
— 
Repetitive Peak off Voltage VDRM soa os 


RMS On-State Current IT(RMS)| _ 0.8 (Tc = 60°C) 
Peak Surge On-State Current ITSM 7 (50Hz), 8 (60Hz) 
Fusing Current if 0.2 (Ims St & 10ms) 
Peak Gate Power Dissipation 
































Average Gate Power Dissipation | PG(Ay) 
Peak Gate Current lIFGM 





Sj 


Junction Temperature i 125 
Storage Temperature Tstg —40 ~ +125 
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ACOV8BGM,ACOV8DGM NEC ELECTRON DEVICE 


ELECTRICAL CHARACTERISTICS (Tj = 25°C) 


SYMBOL TEST CONDITIONS 
Tj = 25°C 
Tj = 125°C 





+ 


Tc 
Peak Off-State Current IpRM |}VDM= von 


fe 


On-State Voltage [ITM =1.2A 











Tj = 125°C, Vom = VDRM 
Gate Open Circuited 
Exponential Waveform 


Critical Rate of Rise of 
Off-State Voltage 


G;Positive, T2;Positive 





* . ae . 
DC Gate Trigger Vpn = 12V| G;Positive, T2;Negative 
Current Ri = 10022 





al 
| G:Negative, T2;Negative 





G;Negative, T2;Positive 





G;Positive, T2;Positive 





DC Gate Trigger Vom = 12V| G;Positive, T2;Negative | 
Rut = 10022 





Voltage | G;Negative, T2;Negative | a 











sh G;Negative, T2;Positive —_ 
+ —— 
Tj = 125°C 
Vom = 2 VDRM 
: aa li 
DC Holding Current [ IH Vp = 24V 
Critical Rate of Rise of Tj = 125°C, It = 1.2A 
Commutating Off-State (dv/dt)c (dit /dt)c = —0.5 A/ms 
Voltage Vpm= VDRM 
- 
Steady State Rth(j—c) | Junction-to-Case 
Thermal Resistance Rth(j—a) | Junction-to-Ambient 





Gate Non-Trigger Voltage VGD 









































*All four quadrants: 5 mA Max. Selected types available from factory. 
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NEC ELECTRON DEVICE 


Fig. 1 iT—VT Characteristic 
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0 1.0 2.0 3.0 
On-State Voltage VT (V) 


Fig. 3 PT(AV)—IT(RMS) Characteristic 


So 


° 












































On-State Average Power Dissipation PT(a vy) (W) 
fo) 


















































Gate Trigger Voltage VGT (V) 























Gate Trigger Current Igq (mA) 


7 


Surge On-state Current I7sm (A) 


ACOV8BGM,ACOV8DGM 


Fig. 2 Itsm Rating 



















































































1 2 5 10 20 50 100 
Cycles 


Fig. 4 Gate Characteristic 







































































CG : POSITIVE 
T2 : POSITIVE 
> G : NEGATIVE 

b Tz : NEGATIVE 
O 

> 

o 

Dp 

& 

3 

> 

&% 

2 

E 

2 

so] 

1o) 

0 5 10 15 
Gate Trigger Current }q@7T (mA) 
Fig.6 Tc—it(RMs) Rating 

o 
° 

oO 

a 
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p=) 
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oO 

Oo 















































0 0.2 04 O6 O08 1.0 1.2 1.4 
On-State Current It(Rms) (A) 


ACOV8 BGM,ACOV8 DGM NEC ELECTRON DEVICE 


Fig. 7 Ta—!T( RMS) Rating Fig. 8 Pulse Ig 7 Characteristic 

















: POSITIVE 
: NEGATIVE 
: NEGATIVE 
: POSITIVE 























: POSITIVE 
: POSITIVE 
: NEGATIVE 
: NEGATIVE 





° 
Ambient Temperature Ta C) 






























































Gate Trigger Current IGT (mA) (Peak Value) 
























































0 0.1 0.2 0.3 04 05 06 0.7 1 


10 100 DC 
On-State Current IT(RMsS) (A) 


Gate Pulse Width 7 (us) 


Fig. 9 Zth({j—a) Characteristic 
























































Transient Thermal impedance Zth{j—a) (°C/W) 




















Time t (s) 
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NEC 


ELECTRON DEVICE 


The ACO3BGM ~ ACO3FGM are all diffused 
granted RMS On-state current 3 Amps. 


The glassivation technique applied to pellets’ surface makes this 


series quite highly reliable. 


FEATURES 
e 


by applying glassivation technique. 


Easy installation by its miniature size and thin electrode leads. 


Less holding current distribution provides free application 


design. 


@ Low cost because of mass-production. 


APPLICATIONS 
Temperature Control, Light Dimmer Control, 


Control Electric Jar, Electric Lamp Starter, Various Solid State 


Switch. 


MAXIMUM RATINGS 


The pellet surface is quite stable physically and electrically 


TRIAC 


ACO3BGM ~ ACO3FGM 









mold type triac : ; ‘ on 
”? Outline Drawing (Unit : mm) 
3.2¢ 
~ 
<a 
@ 3 
o 
+} 
.-§ 
Ss 
” 
8 
1.3 
+ 4.7MAX. 
0.85 
® 
@ 
ss 4 
AC Motor Speed 355 255 2 1.55 
OQ Th 
[ec a @ Ta 
10.0MAX. @ Gate 
















































































| Item Symbol | ACO3BGM | ACO3DGM | ACOSEGM |} ACO3FGM | Unit 
—— Peak off Voltage VDRM [ 200 400 500 600 
Non-repetitive Peak off Voltage | Vosm 300 500 600 700 Vv 
ee _ 
RMS On-State Current IT (RMS) 3 (Tc = 77°C, 6 = 180°C) A |See Fig. 5 
es as 
Surge On-State Current | ITSM a 30 (50Hz 1 cycle) A | See Fig. 2 
; T p22 dt 40 on ats | 
F Cc t : 
using Curren HI Sit zp 
| Peak Gate Power Dissipation PGM 3 (f 2 50Hz, duty S$ 10%) wile 
Average Gate Power Dissipation] PcG (Av) i" 0.3 ioe | 
Peak Gate Current IGM +0.5 (f = 50Hz, duty S 10%) A 
Junction Temperature Tj -40 ~ +110 NG 
t T t T ~40~ +1 as 6 
Storage Temperature | Tsta 25 aul 








* Tc: case temperature is measured at 1.5 mm from the neck of tablet 
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NEC tcectron pevice 


ELECTRICAL CHARACTERISTICS (Tj = 25°C) 


Item 


Peak Off-State Current 
On-State Voltage 
| 





Gate-trigger 
Current 


Gate-trigger 
Voltage 





IV 


Trigger Mode 


Trigger Mode 





Gate Non-Trigger Voltage 


Commutating dV/dt * 


Holding Current 





Thermal Resistance 


lorRM 


VT™ 


IGT 





(dv/dt) 


Symbol 


Test Conditions 
Vom = Vorm, 
Tj = -40 ~ 110°C 
lr7m =5A 





Vom = 12V 
Rv = 1002 


Vom = 12V 
Ri = 1002 





Tj = 110°C,Vom = 
Tj = 110°C 
(diq/dt) C = -1.6A/m sec 
Vom = 200V (ACO3BGM) 
400V (ACO3DGM 
ACO3FGM) 


”’VDR 


C 





IH 


Junction to Case 








Rth (j—1) | Junction to Lead 
Ren 1; Junction —|Standard 
th Ga) | +9 ~mbient|without Tablet 


* Add R or L to the end of type number according to applications. 


Trigger Mode & Test circuit 

















10 as =f} —___j—__-~ 
x Max ope 
= G Ri. = 1000 ia ey. rn eee ae Eee 
2 Hes TOOn + 7, 7 a ec ce 
WW ue “Ld fen es ae ce ee ese Ca 
vu ae @ vow say ¢. Cais Mie CS ae Oa Cel ll 
—t—-| Ls ae Ce He ae a He 

+ T = a 
Se © : Lifes Ze iz 
T2 Trigger Mode Ill Trigger Mode WV T2 < 10 (SESE) es 
es a> : tr 
me T2 T2 38 SS SS ee 
2 os 

Vom= =|) Vom= 12V AWS ~ ; FER ees Cael ati! Sora 

oM=12V i) © 
a 2 ie (Ra (eae oe ad a ee 
as 2 Fe EP Da a a ie 

G 
i Pare ee 
0.1 


Fig. 2 Itsm Rating 























Surge On-state Current Irsm (A) 


i0 
Cycles 


20 


= 
tt {ltsm 

10msec | 
| 20msec 


Initial Ty==110T 


= 











40 60 100 
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MAX.| Unit Note 
f= [fa 
P= [ea Tee Fie 
mA | See Fig. 3 
- 15 
— 2 
V See Fig. 3 
eh ia 








R; for resistive 
Inads 


aay 





L; for induc- 
tive loads 


< 


°CM | See Fig. 7 


{ on 
Nt 
Oo} oO} | 


°C/W|_ See Fig. 7 


> oO 
o N 





oO 
oO 


| i 
~ 
on 


Fig. 1 it — VT Characteristic 











4.0 
On-state Voltage vt (V) 


Gate Trigger Voltage Var (V) 


Case Temperature Tc (C) 





Fig. 3 Vor —!GT Characteristic 





















































0 10 20 30 40 50 
Gate Trigger Current Icr (mA) 


Fig. 5 Te — IT(RMS) Characteristic 


Without 
Tablet 6=1 



































Characteristic 


On-state Power Dissipation Priavy) (W) 


Ambient Temperature Ta (C) 





ACO3BGM~ACO3FGM 


Fig. 4 Pr(av) — IT(RMS) Characteristic 







































































On-state Current Itirms) (A) 


Fig. 6 Ta — It(RMS) Characteristic 














Without 
Tablet 6= 180° Y 























On-state Currene Itiams) (A) 
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Standard) 
























































Transient Thermal Impedance Zth (‘C/W) 






























































NEC tirctron vevice 


NOTICE FOR INSTALLATION 


1. Electrode leads (especially heat sink tablet) are not granted to be bent because of wet-proof. However 
it is required inevitably that a mechanical stress should not be put on mold case. Fix tightly between 


the mold case and the area to be formed or bent. 


2. Electrode leads are not granted to be bent more than twice over 90° and avoid the bending within 
1.5mm from the neck of the mold case. 


3. Special lead and heat tab formings as indicated below are available at an additional cost. 


Type BY 


Measurement (mm) 











4. The surface of heat sink for thermal radiator is to be smooth without any foreign matter. 
5. Suitable torque value is 4—5kg.cm. 


6. Soldering 
© Recommended solder: , PoSu (4:6) 
Melting point 180°C 
O Dimension from the neck of leads to dipping points .........0.. 02.0000. oe... 4~6mm 
© Soldering temperature and period 
DOO Ogee hahaa Seed bas Glche Sah less than .5sec. 
230" Cn casted tah eetac ba teat Bata Ate less than 10 sec. 
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NEC TRIAC 
aie ACO4BGM ~ACO4FGM 


The ACO4BGM~ACO4FGM are all diffused mold type triac granted RMS 


On-state current 4 Amps. Outline Drawing (Unit : mm) 


The glassivation technique applied to pellets’ surface makes this series quite 


3.2¢ 


highly reliable. 


FEATURES 

@ The pellet surface is quite stable physically by applying glassivation 
technique, 

@ Easy installation by its miniature size and thin electrode leads. 


@ Less holding current distribution provides free application design. LMA. 





@ Low cost because of mass-production. 








1.55 


APPLICATIONS 
Temperature Control, Light Dimmer Control, AC Motor Speed Control, 





10.0MAX. @ Gate 
Electric Lamp Starter, Various Solid State Switch. 


MAXIMUM RATINGS 
Item ACO04BGM AC04DGM ACO4EGM ACO4FGM 








Repetitive Peak off Voltage 500 
jo 








Non-repetitive Peak off Voltage 


RMS On-State Current IT (RMS) 4 (Tc = 80°C, 6 = 180°C) See Fig. 5 
oon ee <3 
Surge On-State Current ITsm 30 (50Hz 1 cycle) See Fig. 2 











Fusing Current 4.0 








Peak Gate Power Dissipation 1 (f ]>50Hz, duty <10%) 





Average Gate Power Dissipation 0.3 











Peak Gate Current +0.5 (f [50Hz, duty S 10%) 











Junction Temperature j —40 ~ +125 
—40 ~ +125 














* Tc: case temperature is measured at 1.5 mm from the neck of tablet 





ACO4BGM ~ACO4FGM 


ELECTRICAL CHARACTERISTICS (Tj=25°C) 


Item Symbol Test Conditions 


N E Cc ELECTRON DEVICE 





Vom = VoRM, 


Peak: Off-State Current I 
PRM Tj = 40 ~ 128°C 











On-State Voltage VT™ itm =5A 











[ Trigger Mode oe 


Gate-trigger Vpm = 12V 
Current Rr = 1002 








See Fig. 1 


See Fig. 3 





i 


Gate-trigger Vpm = 12V 
Voltage Ri = 1002 








Tj = 126°C, Vom = %VpRM 
pe 











See Fig. 3 








Tj = 125° 

(dit /dt) C = —1.6 A/m sec 

Commutating dV/dt * (dv/dt} C | Vom =200V (ACO4BGM) 

400V (ACO4DGM ~ 
ACO4FGM) 


Holding Current 
Rth (jc) | Junction to Case 


Rth (j—!) | Junction to Lead 
Thermal Resistance ; 





Junction Standard 





to Ambient | without Tablet 


* Add R.or L to the end of type number according to applications.. 


Trigger Mode & Test circuit 





Trigger Mode WV T2 

















R; for resistive 


loads 


L; for inductive 


loads 


See Fig. 6 


See Fig. 6 








IWEG & ELECTRON DEVICE 


On-state Current it (A) 


Gate Trigger Voltage Ver (V) 





Fig. 1 iT ~ vT Characteristic 



















































































0 1 2 
On-state Voltage V7 (V) 


Fig. 3 VGT — IGT Characteristic 


Trigger Mode 
I, Il, VI 


























Gate Trigger Current Igq7 (mA) 
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On-State Average Power Dissipation Pt (ay) (W) 


ACO4BGM ~ACO4FGM 


Fig. 2 ITSM Rating 








20ms 


Inittial Tj = 125°C 


Surge On-state Current Itsy (A) 
































Fig. 4 PT{AV) — !T(RMS) Characteristics 



































0 1 7 ‘4 5 
On-State Current It (RMS) (A) 





180° 








ACO4BGM ~ACO4FGM ay CLEC Hu ueveee 


Fig. 5 Tc — IT(RMS) Characteristics 


140 


120 


100 


80 


60 





Case Temperature Te (°C) 





40 


20 














On- State Current I+ (RMS) 


Fig.6 Zth Characteristic 





SH KT. 
Bil anti 
and meccoel 









































Transient Thermal Impedance Zth (°C/W) 
































10-3 10-2 10-1 10° 101 102 


Time t (sec) 
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NEC TRIAC 


eae ACO8BGM ~ ACO8FGM 


The ACO8BGM ~ ACO8FGM are all diffused’ mold type triac 
granted RMS On-state current 8Amps. 
MAX MAX 


The glassivation technique applied to pellets’ surface makes this 10.5 4.8 


Outline Drawing (Unit:mm) 


series quite highly reliable. 






















































































° 
FEATURES a4 < 
@ Glassivated silicon chip for maximum relia- ¥ 
oO 
bility a 
@ TO-220AB mold package x ae | 
@ Low cost 2 
o 
< 
3 
APPLICATIONS % 
Motor speed control, ® 
; : )) | 
Lamp dimmer, Temperature controllers, 
Various solid state switches, etc. —~} + —+ 3.0 h— 
2.54 2.54 
Pin Connection 
aa © 1 Termnai 
apo DoD @ T2 Terminal 
@ Gate 
MAXIMUM RATINGS 
T 7a ae 
Item a Symbol { ACO8BGM | ACO8DGM | ACO8EGM | ACO8FGM j Unit | Note , 
Repetitive Peak off Voltage VDRM 200 400 500 600 v | 
i 
Non-repetitive Peak off Voltage | Vpsm ‘ie 300 
den ——} 
RMS On-State Current (7 (RMS) | 8 (Tc = 82°C) A | See Fig. 6 
f | 
Peak Surge On-State Current ITSM 80 (50Hz) A | See Fig. 2 
; ae ae i T lie 
Fusing Current il fit? dt 28 (1 msSt S10ms) Aes 
+ + 
Peak Gate Power Dissipation PGM 5.0 








0.5 
+3 
110 
—-40 ~ +125 


Average Gate Power Dissipation | PG (AV) 








Peak Gate Current l-GM 








Junction Temperature 











Storage Temperature 





NEC ELECTRON DEVICE 


ELECTRICAL CHARACTERISTICS (Tj =25°c) 


















































a mae 
item | symbol [Test Conditions | MIN] TYP | MAX | Unit 
Peak off-State Current Ioam | Tj=110°C. Vom=Voam| —- | — | 2 | ma 
r 7 je ee ce 4 
On-State Voltage VT™ ITM = 10A bs - 1.6] V See Fig. 1 
Mode | / aoe (EO | 
- 7 
Gate Trigger nt Vom = 12A ms ee ee na, | See Fig. 4 
Current iT CT | RL=302 ae eae ess Fig. 5 
++} 
IV eg aie ess 
Mode | 25 3 
Poe 
Gate Trigger iI Vom = 12A _ - _ See Fig. 4 
VGT Spee | ee ow : 
Voltage WI RL = 302 - - 3 Fig. 5 
| IV =a eee 
Gate Non-Trigger Voltage VGD ns = 110°C, Vom = 12V, a 0.3 | = _ Vv 
E Re = 300 He en al al 
T= 110°C here 
(dit/dt) C = 4A/ms oe eae ee a ee 
Commutating dv/dt * (dv/dt) C | Vp = 200V (ACO8BGM) ; +} V/s —— 
400v (ACO8DGM~}49 | — | boron indies 
be ACO8FGM) tive loads 
4 ——- ——~— os 
Holding Current lH Vp =12A [ce 136. = nA 
: T - A —r > ° z 
|__ Thermal Resistance Rth (j-C) | Junction to Case, DC BP kes = | 3.0 [Pew See Fig. 8 











* Add R or L to the end of type number according to applications. 


Ex. ACO8BGM R 
Type No. Spec. 


Fig. | ir—v; Characteristic 


Fig. 2 Irsm Rating 















































On-state Current it (A) 














Surge On-state Current Irsm [A 
















































































40 


Cycles 
On-state Voltage vt (VJ 


an 


On-State Average Power Dissipation Priav) (W) 


Fig. 3 Pray) —ltams) Characteristic 








ACO8BGM~ ACO8 FGM 


Fig. 4 Ver —Iet Characteristic 


Mode 1 Ill 
T2(—)G(—) 
T2( +)G(+) 





















































4 6 8 10 
RMS On-State Current It(ams) (A 





Fig. 5 Vet—let Characteristic 


Mode IV 





L ee 


. 








Gate Trigger Voltage Ver (VJ 


Ambient Temperature Ta (CJ 



























































Gate Trigger Current lat (mA) 


Fig. 7 Ta—lItrms) Rating 


. 6=180° 

. Without Mica 
Insulator 

. Grease applied 






































On-State Current It(RMs) (A) 














Gate Trigger Voltage Vet [V 



































Gate Trigger Current Ict (mA) 


Fig.6 Tc—ltirms) Rating 















































Case Temperature Tc () 





























RMS On-State Current Itcams) (A) 


Fig. 8 Zth Characteristic 















































Transient Thermal Impedance Zth (/W) 

































































Time t (sec) 


NEC ELECTRON DEVICE 


1. Mounting Methods 


A 
LS Rectangular 
QE Metal Washer 





Bushing CD 


3mm Metal Washer 
3mm Lock Washer ces 


3mm Screw 


2. Outline Drawing Bushing 


3.18¢+0.1 
6.6¢+0.1 
9.5¢+0.2 


Rectangular Metal Washer 


5.5+0.5 
To 


M3 
aw 2 
oo oO 
2 2 
rs) 


3. Note 
(1) Suitable torque value is around 3 kg-cm. 








3mm Screw | 


Heat Sink 


3.8mm 
3mm Metal Washer : 


3mm Lock Washer cs 
3¢ Hex. Nut S&S 


Insulator 





Rth 1.00/W 


(2) Apply silicon grease between case and heat sink for thermal conduction. 
(3) Electrode leads are not to be bent within 3mm from the neck of mold case. 


NEC TRIAC 


ELECTRON DEVICE AC10BGM ~ AC1O0FGM 


The AC1O0BGM ~ ACI10FGM are all diffused mold type triac Outline Drawing (Unit :mm) 
granted RMS On-state current 1OAmps. sas 

MAX 
The glassivation technique applied to pellets’ surface makes this 10.5 4.8 








series quite highly reliable. 

























































































of 
FEATURES 1 
@ Glassivated silicon chip for maximum relia- 
fo) 
bility o 
@ TO-220AB mold package a= 
a 
@ Low cost 21.4 
se 
0.8 
APPLICATIONS 
O- 
Motor speed control, a) 
Lamp dimmer, Temperature controllers, = 
Various solid state switches, etc. —| 3.0 -— 
2.54 2.54 
Pin Connection 
ain @® 71 
@ Gate 
MAXIMUM RATINGS 
z Item [ Symbol | AC1OBGM | AC10DGM | AC10EGM | AC10FGM | Unit Note 
Repetitive Peak off Voltage ‘A: VDRM 200 400 500 600 V 
| Nankeewetittve Peak off Voltage 500 600 700 V 
RMS On-State Current IT (RMS) 10 (Tc = 76°C) A | See Fig. 6 
Peak Surge On-State Current | ITSM 80 (50Hz, T) = 110°C) A | See Fig. 2 
i2dt 28(Ims <t<10ms) A2S 
| Peak Gate Power Dissipation { PGM | 5 W 
| Average Gate Power Dissipation | PG (Av) 0.5 WwW 
+. 
[sees Gate Current IFGM | +3 A is 
Junction Temperature Tj : 110 6 
Storage Temperature | Tstg | -40 ~ +125 aC 








QR 


On-state Current it (A) 


NEC ELECTRON DEVICE 


ELECTRICAL CHARACTERISTICS (Tj = 25°C) 


















































































Item | Symbol ii Test Conditions Note | 
- Tj=110°C =V 
Peak off State Current 4. DRM ee VDM DRM | . — | 
On-State Voltage VT™ ItM = 10A | ee Fig. | 
Trigger Mode 
ee eee 
Gate Trigger bx II tee Vom =12V See Fig. 4 
Curent [ml] °' | Ry=30a Fig. 6 
\V 
= a ; . 
TiggerMode ss 7 
ia ees 
Gate Trigger Wl 7 Vpm = 12V See Fig. 4 
Voltage iT ST | RL =309 Fig. 5 
rs | 
| fv 1 . [ 
Gate Non-Trigger Voltage Vcp Tj=1 10°C, Vom = %VpRMi0.3 _ ie — 
— 4 ° T t 
Tj=110 C 
(dit/dt) C =—4A/ms a 4 ea R; for resistive 
Commutating dv/dt * (dv/dt) C | Vp = 200V (AC10BGM) t —_|—___+ 4 V/ys loads 
400V (AC1ODGM~ | 4,9 | — | Le for induc- 
: | i AC10FGM) tive loads 
| Holding Current 1H Vp = 12V 











i . 
| Thermal Resistance Rth (j-c)| Junction to Case 


* Add R or L to the end of type number according to applications. 


Ex. ACIOBGM R 


Type No. Spec. Ri= 309 [6 Ri = 30Q 


f 
T2 Te 
Vom = vas Vom = 12V ar 
—s ae 
~ T mae Ty 







































































Trigger Mode Il Trigger Mode I 
ee) 
T2 Trigger Mode Ill Trigger Mode WV T2 
Ry = 302 Ri=30N. 
a T2 > Te 
q G 
voue 12V vm. 12V 
tic 4 a © i» oO 
+ Ti - TM 
G 
=] 
Fig. | ir—vr Characteristic 
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a a eee a ea S 
0.5; Yd zhas Deane Baie Ree es a 
a [ae ee a ee 
oe oe a ae ee 
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On-state Voitage v7(V) 


Gate Trigger Voltage Vct (V) 


Ambient Temperature Ta (C) 


Fig. 3 Priav)—It(rms) Characteristic 























On-State Average Power Dissipation Priav) (WJ) 


























RMS On-State Current Iams) (A 














8 10 12 





Fig. 5 Ver—leat Characteristic 


Mode WV 
Ta(+)G(—) 





a a 
























































Gate Trigger Current ict (mA) 


Fig. 7 Ta—Itrms) Rating 





1. 6= 180° 

2. Without Mica 
Insulator 

3. Grease applied 























—+———} -— 
Mounted on aPC boar 
without heat sink 








60T/W 

















2 4 6 














On-State Current It(ams) (A) 


OE 


Gate Trigger Voltage Vat (V 


Case Temperature Tc (CT) 


Transient Thermal Impedance Zth (/W) 


AC1O0BGM~AC10FGM 


Fig. 4 Ver —let Characteristic 


Mode I Til 





T2(—)G(-~) 
T2( +)G(+) 












































Gate Trigger Current Iqt (mA) 


Fig. 6 Tc—Irrms) Rating 












































RMS On- 




















State Current It(rms) (AJ 


Fig. 8 Zth Characteristic 
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Time t (sec) 





N E Cc ELECTRON DEVICE 


1. Mounting Methods 


. & 


Rectangular B 
Metal Washer 





Bushing CED 


3mm Metal Washer 
3mm Lock Washer cs 


3mm Screw 


2. Outline Drawing Bushing 


° 


wt 


- 


3.18¢+0.1 
6.6¢+0.1 
9.5¢+0.2 


2 


BL A 


Ww 
P-S 
+ 
io) 
Le) 


Rectangular Metal Washer 





3mm Metal Washer 
3mm Lock Washer ec 


3mm Screw | 


Heat Sink 


3.8mm¢ 


3¢ Hex. Nut S&S 


Insulator 





Rth 1.00/W 


5.5+0.5 
2+0.3 
M3 
ao 1) 
9° fo) 
pat 4 
= © 
rs) 
th. +0.2 
3. Note 


(1) Suitable torque value is around 3 kg-cm 
(2) Apply silicon grease between case and heat sink for thermal conduction. 
(3) Electrode leads are not to be bent within 3mm from the neck of mold case. 


NEC TRIAC 
— AC16BGM~AC16FGM 


The AC16BGM ~ AC16FGM are all diffused mold type TRIAC granted 
RMS On-state current 16 Amps. OUTLINE DRAWING (Unit : mm) 


The glassivation technique applied to pellets’ surface makes this series 






































10.5MAX. 
quite highly reliable. 8.6402 
nn 
ra e 
FEATURES m 
® Glassivated silicon chip for maximum reliability - 
@ TO-220AB mold package }— ot 
x< 
@ Low cost = 
o 
3 
= 
S 
By 
APPLICATIONS 
Motor speed control, Peed H 
Lamp dimmer, Temperature controllers, 
2.54 2.54 
Various solid state switches, etc. 
Pin Connection 
@® 11 Terminal 
@ T2 Terminal 


@® Gate 





| MAXIMUM RATINGS 






























































item Symbol | AC16BGM | AC16CGM | AC16DGM | AC16EGM | ACI6FGM L 

Repetitive Peak-off Voltage | VDRM 200 | 300 400 500 600 |v | | 
Non-Repetitive Peak-off Voltage | Vpsm i 300 | 400 500 600 700 zi, 

| _RMS On-state Current | rrtewigy 16 (Tc =80°C) | A See Fig. 6 
Surge On-state Current ITSM as har ne | A See Fig. 2 

— ~ 

17+ For Fusing It | 100 Las | 
Peak Gate Power Dissipation PGm 2A 5 | Ww 

| Avarage Gate Power Dissipation PGIAV) | 0.5 Ww 
Peak Gate Current IGM +3 A _ 
Junction Temperature =! Tj a 125 [ °C zi 
Storage Temperature Tstg ~40 ~ +125 °C 
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AUCIOBUN~AUIOrUN 








| ELECTRICAL CHARACTERISTICS (T; = 25°C) 


Condition 


> Ymowe --~~------ —--.- 





Peak Off-state Current 


Tj =125°C, Vom=VbRM 





On-state Voltage 


ITM=25A 








Trigger Mode 


Gate-trigger 
Current 


Vpm=12V, R,_=302 





Gate-trigger 
Voltage 





Vom=12V, RL =302 





Gate Non-trigger Voltage 


—_|— 


Vpm=12V 


T)=125 ©. a eaon 





Holding Current 


Vpm=12V 





Critical rate 
of rise of 
commutating 
off-state 
voltage 


TYPE R* 


TYPE L* 


Thermal Resistance 





(dv/dt)c 


Rth(j-C) 





T)=126°C 
ITM=22A, (dit /dt)c=8A/ms 


Vpm=200v (ACI 6BGM) 
AC16CGM 


400V et eee) 
ACi6FGM 


Junction to case 





*Add R or L to the end of type number according to application 


Ex.: ACI6FGM L 
Type No. Spec. 











See Fig. 1 


R: For 
resistive loads. 
L: For 
inductive loads. 





INEC© etectaon oevice AC16BGM~AC16FGM 






















































































































































































































































































Fig. 1 it — VT Characteristic Fig. 2 Itsm_ Rating 
100 180 Se oo a 2 
Initial T, = 125°C 
ag 160 
140 
10 _~ 120 
Ss 
< 
= 
5 100 
2 ® 80 
5 ro 
° % 
= i 
° & 
1 g 60 
=] 
w 
0.5 40 
20 
0.1 2 
, 1 3 5 ee 
S ; . 3 7 0 30. 50 70 100 
On-State Voltage Vy (V) Cycle N 
Fig. 3 Gate Rating Fig. 4 VGt — IGT Characteristic 
T,=—40~ 125°C 
= 
= 
= 
7) 
& & 
8s f=50Hz = 
$ Onty 10% Ss 
§ 5 
8 & 
fag 
av 
3 
oO 
0 05 1.0 15 2.0 2.5 3.0 
Gate Current |; (A) 
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AC16BGM~AC16FGM ING ELECTRON DEVICE 


Fig. 5 Priay) — IT(RMS) Characteristic Fig.6 Tc — Ti RMS) Rating 
24 











np 
Oo 














Proavy (W) 


16 








( 


12 

















Case Temperature Tc 





Average On-state Power Dissipation 












































0 4 8 12 16 20 
On-state Current lrrusy) (A) 



































‘ 4 8 12 16 20 
On-state Current Ircaus) (A) 


















































































































































































































Fig. 7 Ta — IT(RMs) Rating Fig. 8 Z4, Characteristic 
140 sere T T 1 aes ba TTT 
| 6= 180° S100 aa | 
T Without Insulator 3 70 : : 
~ sop ~ 
120] + 1 Aa be eat: ea Co 
i Pa | Qunetion to ambient) aul Rita 
i [ t ¢ aii H | mani | 
oS 7 iyil : | i 

100 ‘eee g . as St 1% 10" = : 10% 
z | Saas Snes 
ms a t ac 
7 dis E 3 <a 
K o ! 
» 80h = fa ied I op (Junction to Case) 
2 r—KC1003(4.5°C/W) eu 
3 B07 
E KC603(7°C/W) © 05 ma + 
o & ae 
= 60 ose Ht 
€ H Wlje- os) sled Ape 
3 i Hil = | 
E ee “83 01 ii L L 
< x eae heat sink(55°C/W) 10-3 102 107 10° 10! 

Time t (sec) 
20 
































0 4 8 12 16 20 
On-State Current Iymms) (A) 
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NEC sirctron vevice AC16BGM~AC16FGM 


1. Mounting Methods 


B 
A Zt ~~ Rectangular 
rs Metal Washer 3mm Screw 





Insulator 





Heat Sink 


Heat Sink 


6.8mm 
3mm Metal Washer C=>> ¢3.8mm 


3mm Lock Washer e> 

3mm Metal Washer SS 
$3 Hex. Nut >) 
3mm Lock Washer e> cy 


Bushi ~x—_-_ > 


3mm Screw 


2. Outline Drawing 


Bushing Insulator 
1140.1 


$3.18+0.1 
¢66+0.1 
$9.5+0.2 


3.4+0.2 





Rectangular Metal Washer 


2+03 
| 22+02 
3. Note 


(1) Suitable torque value is around 3 kg-cm 
(2) Apply silicon grease between case and heat sink for thermal conduction 
(3) Electrode leads are not to be bent within 3 mm from the neck of mold case. 


Rth 1.0°C/W 
5.5+0.5 
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NEC 


ELECTRON DEVICE 


The ACI6BIF~ACI6FIF are fast-on terminal 


isolated 


modified TO-3 flange type triac granted RMS On-state 


current 16 amps. 


The glassivation technique applied to 


pellet’s surface makes this series quite highly reliable. 


FEATURES 


Isolated type. 
Fast-on terminal. 
Modified TO-3 flange. 


Glassivated silicon chip: 


APPLICATIONS 


Microwave oven control. 
Temperature controllers. 
Lamp dimmer. 


Various solid state switches. 
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Outline Drawing (Unit : mm) 


TRIAC 


AC16BIF~AC16FIF 














ae 























$1.4(G) 




















T T’ 
T1 terminal 6.35+0.1 8.25MIN. 
T2 terminal 6.35 + 0.1 8.25MIN. 
Gate terminal 4.75+0.1 5.7MIN. 


24MAX. 


9.5MAX. 





3.2 


t 
0.8 
0.8 
0.5 


AC16BIF ~ AC16FIF NEC ttectron oevice 


MAXIMUM RATINGS 


item Symbol! ACI6BIF ACI6DIF ACI6IEIF ACI6FIF 
of fe 
Repetitive Peak Off-state Voltage VoRM 200 400 500 600 
+ 


Non-repetitive Peak Off-state Voltage Vosm 300 500 600 720 
RMS On-state Current 16 (Tc=75°C) 


150 (Initial Tj=125°C, 50Hz 1 cycle) 
165 (Initial Tj=128°C, 60Hz 1 cycle) 











Surge On-state Current 


Fusing Current 100 








Critical Rate of Rise of On-state Current 50 
+ 
Peak Gate Power Dissipation 5 (f 250Hz, Duty S$ 10%) 





Avarage Gate Power Dissipation 0.5 
+. — 
Peak Gate Current 3 (f [50Hz, Duty < 10%) 








Junction Temperature i 125 

















Strage Temperature —40 ~ 125 


ELECTRICAL CHARACTERISTICS (T}=25°C) 


Item Test Condition 





Peak Off-state Current , Tj=128°C, Vom=VpRM 





On-state Voltage V™ Iry=25A : See Fig.1 
i j as —t 


Made I 








Gate Trigger Vom = 12V 
Voltage Ri_ = 302 





See Fig.3, Fig.4 











Gate Trigger Vpm = 12V 
Current Re = 302 





See Fig.3, Fig.4 











Gate Non-Trigger Voltage VGpb Tj=128°C, Vp=1/2VoRM 03 





aE 
Thermal Resistance Rth(j-c) Junction to case - ia ‘ See Fig.8 


_——} —+ 


T,, 71, G each Terminal to flange 1 min. |AC 1500 
T2, 7: Geach Terminal to flange 1 sec. -|AC 1800 





Dielectric Strength 





Holding Current 





Cirtical Rate of a ° = 
Rise of Commutating (*1) | (dyp/dtic a oa a a = (*2)V 
Off-state Voltage T/dt)c=8A/ms, Vpm=(*2 


























(*1) Add L or R to the end of type number according to applications. 


Ex. ACI6FIF L 
Type No. Spec. 
(*2) ACI6BIF : 200V 


ACI6DIF ~ FIF : 400V 
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N. E Cc ELECTRON DEVICE 


Gate Voltage Vg (V) 


Average Power Dissipation PT(av) (W) 


Fig. 1 it — UT Characteristic 





A) 
bh 


Hil 
il 
HI 
Hil 


Mitioes UHH 
pal 
i 
I 
l 
| lil 











On-state Current it (A) 























zl 
mT 
| 
| 




















“0 1 2 3 4 5 
On-state Voltage VT (V) 


Fig. 3 Gate Rating 
























































Gate Current Ig (A) 


Fig. 5 Pt(av) — IT( RMS) Characteristic 






































4 8 12 16 20 


On-state Current IT(RMS) (A) 


104 


Surge On-state Current ITsm (A) 


Gate Trigger Voltage VeT (V) 


AC16BIF~AC16FIF 


Fig.2 Itsm Rating 


Initial Tj= 125°C 








gli Wi 















































Cycle N 


Fig. 4 Gate Characteristic 






Vpm= 12V, RL =302 























CZ 
va 





Case Temperature Tc (°C) 








MLALLALLALS | 
i 


20 


OG, 











80 


100 


Gate Trigger Current IgT (mA) 


Fig.6 Tc — It(RMs) Rating 















































4 8 12 16 20 
On-state Current IT(RMS) (A) 


AC16BIF ~AC16FIF 


N. EF C ELECTRON DEVICE 


Fig. 7 Ta — IT( RMS) Rating 


6= 180° 
Grease applied 
i 
AWN 


Na 
BN NESEEEEE 
SAN See ee 


\ \A IN Heat Sink 














Ambient Temperature Ta (°C) 




















On-state Current IT(RMS) (A) 


Fig. 8 Zth Characteristic 









































































































































Transient Thermal Impedance Zth(°C /W) 























rt | 
mee 
2 


















































Time t(sec) 
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TRIAC 
$C141B~SC141M 


NEC 


ELECTRON DEVICE 


The SC141B ~ SC141M are all diffused mold type triac granted 


Outline Drawing (Unit:mm) 
RMS On-state current 6 Amps. 


MAX MAX 


n 


The glassivation technique applied to pellets’ surface makes this 10.5 


series quite highly reliable. 









° 
FEATURES 9 
© Glassivated silicon chip for maximum relia; 
bility 3 
@ TO-220AB mold package se 
‘4 
@ Low cost 3 
© 
z 
3 
APPLICATIONS a) 
Motor speed control, 
Lamp dimmer, Temperature controllers, aaa 











Various solid state switches, etc. 


Pin Connection 


ai -cto-ete - Ome 
ma @ T2 
@ Gate 





| MAXIMUM RATINGS _ 


Item Symbol 











Repetitive Peak off voltage VorRM 








Non-repetitive Peak off Voltage 
RMS On-State Current 


Vpsm 





6 (T, = 80°C, 360° Condition) 
80 (60Hz), 74 (50Hz) 
26.5 (8.3ms) 

10 (10us Pulse Width) 


lT( RMS) 
Peak Surge On-State Current ltsm 


fPdt 


Peak Gate Power Dissipation Pom 








Fusing Current 














Average Gate Power Dissipation 


PG(Av) 0.5 
See Fig. 4 








Peak Gate Current leGmM 








Junction Temperature 


—40 ~ +100 





Storage Temperature 


—40 ~ +125 








SC141B~SC141M 


NEC ELECTRON DEVICE 





ELECTRICAL CHARACTERISTICS | 


Item 


Symbol 
ymbol | 


Test Conditions 





Peak Off-State Current lpRM 


Tce =+25°C 


TYP.) MAX. ls 





Vom = Vorm 
Tc = +110°C 





On-State Voltage Vim 


To = +25°C It =8.5A Peak | 





Critical Rate of Rise of 


Off-state Voltage aut 


Critical Rate of Rise of 
Commutating Off-State 
Voltage 


(dv/dt), 


| Te = 100°C, VDM = Verm 


Gate Open Circuited 
Exponential Wareform 


IT(RMs) = 6A 
Vom = Vorm 


—t 








; #1 
* All 


DC Gate Trigger * IV 
Current 


+ 




















ia aie 





DC Gate Trigger 
Voltage 





























——— tLe Ll an a 





Vp = 24V 











DC Latching 
Current 








p= 24V 
Gate Trigger 
Source = 15V 
100Q, 5Ousec 
5 usec rise 


Te==40°C 


times 


Fifa 














| 








alee 


a 





Steady State 


Thermal Resistance Rth(j—c) 


Trigger Mode & Test circuit 


& 
_RL = 502 {6 


‘ To 
Vom = va 
> qT 


Trigger Mode I] 


T2 Trigger Mode Iil 
L = 





Trigger Mode 






Trigger Mode 


i Junction-to-case 
For acceptance test. 





gies ae 


xe Vom = “hs 


I 
WV T2 






JRL= 502 


1N7 

















NEC ELECTRON DEVICE 


Fig. 1 i; —V+ Characteristic 


++ 
a 


SCRRRRREP ce eeR eee 


Se oe ee cee ee ee ee ee 
=—— es Se 
++} es a, a a ae a ee a 
SOA 


SAC 
JUNCTION 


+ 100°C t TEMPERATURE 


Peres 
“CHALLE LEE 


an Siaie pes VT co 


On-State Current it (A) 


| 
le EL 


Fig.3 Pray) —lyams) Characteristic 






On-State Average Power Dissipation Pt( av) (W) 


ea ae aise fen RMS) ah 


Fig.5 To—I!rRmg Rating 


SRE RERSE 
Pee Sle eR aes 
SRE SERS 

SEReE 






Case Temperature Tc (°C) 


On-State Current It(RMs) (A) 
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SUI41B~YSUI41M 


Fig. 2 I+sm Rating 





| EEE SS 
‘ EES 


~~ 


/ an 








| | 
ay /sasas 
ie eas 
a eee 


| 


Sal Ae 


ty 


Surge On-State Current Itsm (A) 








cea 

8 
ase 
Bim 


Cycles 


Fig.4 Gate Characteristic and Rating 


PEAK INSTANTANEOUS GATE 
POWER Pleats EQUALS 
10 WATTS MAXIMUM FOR 10 
MICROSECONDS PULSE WwIOTH 


ae aR ees 
AVERAGE Sot 
MOTE ADED AREA REPRESENTS LOCUS 
nN L POSSIBLE DC(> 20 MICRO- 


OF AL 
are, GUARANTEED inet 
S FROM -40°C TO +1009 


Gate Voltage Va (V) 


Lt 


aor ° 
Gate Current = - 





ca 


35 


a 


Fig.6 lg7—Tc Characteristic 
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-40 «-30 -20.«-0 
Case Temperature Te (°C) 


20 


DC Gate Trigger Current Igt (mA) 


DC Holding Current IH (mA)} 


DC Gate Trigger Voltage Vet (V) 


$C141B~SC141M 


Fig. 7 Vo7 —Tc Characteristic 
































|. APPLIES FOR ALL TI 
GUARANTEED TRIGGER 
Ss. 






























































-40 -30 -20 40 ° 10 20 ww 


Case Temperature Tc (°C) 


40 
































!. CURVE APPLIES FOR 
EITHER POLARITY OF MAIN 
TERMINAL 2 REFERENCED TO 
MAIN TERMINAL |. 


2. PEAK INITIATING ON-STATE CURRENT 
EQUALS 0.5 AMPERES. 





























-20 -10 te) ! 
Case Temperature Tc (°C 


0 
) 


NEC ELECTRON DEVICE 


Fig.8 Pulse Iq; Characteristic 





NOTES: 
1. RECTANGULAR GATE CURRENT PULSE APPLIED. 
2.RISE AND FALL TIMES EQUAL TO OR LESS THA! 

10% OF GATE PULSE WIDTH. 
3.MAIN TERMINAL VOLTAGE = 12 V 0C, LOAD 
RESISTOR (SEE CHARACTERISTIC TABLE) 
4.APPLIES FOR ALL THREE GUARANTEED 
TRIGGER MODES. 




















Gate Trigger Current I@t (mA) (Peak Valve) 


Thermal Impedance Rthqj—e) (°C/W) 


ina 






























































9 10 tt 2 8 1 
ulse Width « (4S) 


Gate P 


Fig. 10 Rthg_.) Characteristic 




































































2 5 10 20 50 100 200 500 IK 2K 
Number of Sine Wave Current Cycles 





























5K 10K 





NEC ane 


ELECTRON DEVICE SC143B~SC143M 


The SC143B ~ SC143M are all diffused mold type triac granted 
RMS On-stage current 8Amps. 


Outline Drawing (Unit: mm) 


MAX MAX 


The glassivation technique applied to pellets’ surface makes this 


series quite highly reliable. 


FEATURES 
@ Glassivated silicon chip for maximum relia- 
bility 
e@ TO-220AB mold package 


@ Lowcost 


APPLICATIONS 
Motor speed control, 
Lamp dimmer, Temperature controllers, 


Various solid state switches etc. 





2.54 2.54 


Pin Connection 


ay © 71 
mp ato aie BD 2 
@ Gate 








MAXIMUM RATINGS 


Item 


ae ae: 
Non-repetitive Peak off Voltage 
RMS On-State Current 8 (Tc = 80°C, 360° Condition) 


Peak Surge On-State Current 120 (60Hz), 110 (50Hz) 








Fusing Current figdt 60 (8.3ms) 
Peak Gate Power Dissipation Pom 10 (10us Pulse Width) 


Average Gate Power Dissipation 0.5 








Peak Gate Current See Fig. 4 











Junction Temperature ; —40 ~ +100 





Storage Temperature —40 ~ +125 
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SC1 43B~SC1 43M NEC ELECTRON DEVICE 








ELECTRICAL CHARACTERISTICS | 





Item Symbo! Test Conditions 
To =+25°C - 
Te=+t10°c | — 








Peak Off-State Current lorm Vom = Vorom 





Tt ° 
On-State Voltage Vim | Tc = +25 C, lyy=11-5A peak} — 


1 

Tc = +100°C, Vpm = Vpru 
dv/dt Gate Open Circuited 
| Exponential Waveform 





Critical Rate of Rise of 
Off-state Voltage 








Critical Rate of Rise of 
Commutating Off-State 
Voltage 


It(RMS) = 8A 
Vom = Vorm 





‘- 








DC Gate Trigger 
Current 





























DC Gate Trigger 
Voltage 














DC Holding Current Vp = 24V 




















Vp = 24V 

t———— Gate Trigger 
DC Latching Source = 15V 
Current 10022, 50 usec 
5usec rise 
Times 














Tc= 




















Steady State Junction-to-Case 
Thermal Resistance For acceptance Test 














Apparent Junction-to-Case 
Thermal Resistance For calculation of T; 














* Trigger Mode & Test Circuit 
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NEC ELECTRON DEVICE 


On-State Average Power Dissipation Pt(av) (W) On-State Current it (A) 


Case Temperature Tc (°C) 


Fig. 1 
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On-State Current IT(Rms) (A) 


Fig.5 To—Iriams) Rating 


On-State Current IT(Rms) (A) 
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Gate Volltage VG (V) 


Surge On-State Current Itsm (A) 


DC Gate Trigger Current I@t (mA) 








S$C143B~SC143M 


Fig.2 Iysy Rating 
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Fig.4 Gate Characteristic and Rating 


PEAK INSTANTANEOUS GATE 
POWER DISSIPATION EQUALS 
10 WATTS MAXIMUM FOR 10 
MICROSECONDS PULSE WIOTH 











TE: 

SHADED AREA REPRESENTS LOCUS 

OF ALL POSSIBLE OC (2 20 MICRO- 

SECONDS) GUARANTEED TRIGGERING 
POINTS FROM -40°C TO +100°C. 


RECOMMENDED GATE 
CIRCUIT LOAD LINE 


NEPA 


wees 


Wwe v 
\N«t | 
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0.5 1.0 ol 35 
Gate ss 2 (A) 
Fig.6 Io7r—Te Characteristic 
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Case Temperature Tc (°C) 


lo 20 


DC Gate Trigger Voltage Vat {V) 


DC Holding Current fH (mA} 


S$C143B~SC143M NEC tcectron oevice 


Fig. 7 Vo7—Tc Characteristic Fig.8 Pulse Ig7 Characteristic 
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|. RECTANGULAR GATE CURRENT PULSE APPLIED. 

2.RISE ANO FALL TIMES EQUAL TO OR LESS THAN 
10% OF GATE PULSE WIDTH. 

3.MAIN TERMINAL VOLTAGE « 12 V0C, LOAD 





RESISTOR (SEE CHARACTERISTIC TABLE) 
4.APPLIES FOR ALL THREE GUARANTEED 
TRIGGER MODES. 
























































Gate Trigger Current Iot (mA) (peak Valve) 




























































































60 | 
Case Temperature Tc (°C) of 23 45 6 7 8 3 © ! 2 8B 4 5 6 7 B 19 2 
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Fig.9 1,;-—Tc Characteristic Fig. 10 Rth(s_¢ Characteristic 
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NOTES: a a 


1. CURVE APPLIES FOR 
EITHER POLARITY OF M. 
TERMINAL 2 REFERENCED. TO 
MAIN TERMINAL 
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Thermal impedance Rth (y—c) (°C/W) 
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2. PEAK INITIATING ON-STATE CURRENT | 
EQUALS 0.5 AMPERES. 


“ = eae 

a oe eet es 

-40 -30 -20 -10 ie] to 20 fe) 0 2 5 10 20 50 100 200 500 {K 2K 5K 10K 
ce} 

Case Temperature Tc (°C) Number of Sine Wave Current Cycles 











































































































112 


NEC TRIAC 
ELECTRON DEVICE SC146B~SC146M 


The SC146B ~ SC146M are all diffused mold type triac granted 
RMS On-state current 10 Amps. 
The glassivation technique applied to pellets’ surface makes this 


Outline Drawing (Unit:mm) 


MAX MAX 
48 


10.5 






series quite highly reliable. 


[o} 
FEATURES % 
@ Glassivated silicon chip for maximum relia- 
bility 
@ TO-220AB mold package x 
@ Low cost re 
Vo} 
APPLICATIONS 
Motor speed control, 





Lamp dimmer, Temperature controllers, 





Various solid state switches, etc. 
2.54 2.54 


Pin Connection 


“Tt @ T2 
@ Gate 





[MAXIMUM RATINGS 





Symbol 





Repetitive Peak off voltage 








Non-repetitive Peak off Voltage 
RMS On-State Current 

Peak Surge On-State Current 120 (60Hz), 110 (50Hz) 
Fusing Current 60 (8.3ms) 























Peak Gate Power Dissipation 10 (10us Pulse Width) 








Average Gate Power Dissipation 0.5 





Peak Gate Current See Fig. 4 








Junction Temperature ; —40 ~ +100 








Storage Temperature —40 ~ +125 
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SC146B~SC146M 


NE 


ELECTRON DEVICE 








ELECTRICAL CHARACTERISTICS 





Item 


Symbol! 


Test Conditions 





Peak Off-State Current 


IpRM 


Tc =+25°C 





Vpm = von 


To =4110°C 





On-State Voltage 


VIM 


To = +25°C It = 14 A Peak 





Critical Rate of Rise of 
Off-state Voltage 


dv/dt 


Tc = +100°C, Vom = Vpormu 
Gate Open Circuited 
Exponential Wareform 








Critical Rate of Rise of 
Commutating Off-State 
Voltage 


(dv/dt)c 


IT(RMsS) = 10A 
Vom = Vorm 





DC Gate Trigger 


Current 




















DC Gate Trigger 
Voltage 





Vp = 24V 








DC Latching 


Current 





Vo = 24V 
Gate Trigger 
Source = 15V 











1002, 50usec, 
5usec Rise 


Times 











Steady State 
Thermal Resistance 


Junction-to-case 
For acceptance test. 








Apparent 
Thermal Resistance 


Trigger Mode & Test circuit 











Junction-to-case 


. For calculation of Tj 


€ 
RL = 502 |G RL = 802 
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pw T 
Vv f 



































Case Temperature Tc (°C) 


On-State Current it (A) 


Mh TTT 


On-State Average Power Dissipation PT( av) (W) 


NEC ELECTRON DEVICE 


Fig. 1 i;—V-+ Characteristic 
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On-State Voltage VT v) 


Fig. 3 Pryaw —l!tiams) Characteristic 








On-State Current It(Rus) (A) 


Fig.5 To—Itiamg Rating 
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On-State Current It(RMs) (A) 











Gate Voltage Va (V) Surge On-State Current ITsm (A) 


DC Gate Trigger Current Igt(mA) 
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120 


110 





100 


Nel ete ee) ey 
Ne EE 


SC146B~SC146M 


Fig.2 Itsy Rating 











SANS: 


Ds 
\ esd 





80 











PEAK GATE 

POWER DISSIPATION EQUALS 
10 WATTS MAXIMUM FOR 10 
MICROSECONDS PULSE WIDTH 


TE: 
SHADEO AREA REPRESENTS LOCUS 
OF ALL POSSIBLE OC (2 20 MICRO- 
eee GUARANTEED TRIGGERING 
POINTS FROM -40°C TO +100°C. 


CIRCUIT LOAD LINE 
a PULSE TRIGGERING 


Gate Current ra (A) 


Fig.6 Igy —Tc Characteristic 
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60 








50 


































TE: 

. APPLIES FOR ALL THREE, 
GUARANTEED TRIGGER 
MODES. 
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-20. - ry i «=60tC«tOttCtCiS:*~«i 
Case Temperature Tc (°C) 


DC Gate Trigger Voltage Vet (V) 


DC Holding Current 1H (mA) 


SC146B~SC146M 


Fig. 7 Vor —Tc Characteristic 




























































































Case Temperature Tc (°C) 


Fig.9 14 —Tc Characteristic 



































$s: 
. CURVE APPLIES FOR 
ITHER POLARITY OF MAIN 
NAL 2 REFERENCED TO 
MAIN TERMINAL |. 


2. PEAK INITIATING ON-STATE CURRENT 
EQUALS 0.5 AMPERES. 




















-20 10 oO ite) 20 30 


Case Temperature Tc (°C) 


Gate Trigger Current Igt (mA) (Peak Valve) 






NEC ELECTRON DEVICE 


Fig.8 Pulse Ig7 Characteristic 















TES: 
1.RECTANGULAR GATE CURRENT PULSE APPLIED. 
2.RISE AND FALL TIMES EQUAL TO OR LESS THAN 
10% OF GATE PULSE WIOTH. 


3.MAIN TERMINAL VOLTAGE = !2 VDC, LOAD 
RESISTOR (SEE CHARACTERISTIC TABLE) 

4. APPLIES FOR ALL THREE GUARANTEED 
TRIGGER MOOES. 
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Gate Pulse Width ¢ (uS) 
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Fig. 10 Rthj_.) Characteristic 









































Thermal Impedance Rthqj—c) (°C/W) 
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NEC 


ELECTRON DEVICE 


The SC149B ~ SC149M are all diffused mold type triac granted 
RMS On-state current 12 Amps. 
The glassivation technique applied to pellets’ surface makes this 


series quite highly reliable. 


FEATURES 
® Glassivated silicon chip for maximum relia- 
bility 
@ TO-220AB mold package 
@ Low cost 
APPLICATIONS 


Motor speed control, 
Lamp dimmer, Temperature controllers, 
Various solid state switches, etc. 








TRIAC 
$C149B~SC149M 


Outline Drawing (Unit :mm) 


MAX 
10.5 





3.0 


9.0 


5.6MAX 


Connection 


Pin 
io ato at ou 
# @ 2 
@ Gate 





MAXIMUM RATINGS 


Repetitive Peak off voltage 





Non-repetitive Peak off Voltage 

















RMS On-State Current IT (RMS) 12 (T. = 75°C, 360° Condition) 


Peak Surge On-State Current Itsm 


120 (60Hz), 110 (50Hz) 














60 (8.3ms) 








Fusing Current fizdt | 


Peak Gate Power Dissipation 10 (10us Pulse Width) 





Average Gate Power Dissipation 





Peak Gate Current 


See Fig. 4 





Junction Temperature 





—40 ~ +100 








Storage Temperature 
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—40 ~ +125 


SC149B~SC149M 


NEC ELECTRON DEVICE 





| ELECTRICAL CHARACTERISTICS 





Item 


Test Conditions MIN. 





Peak Off-State Current 





Te = 425°C | — 
V = Vopr 3 
a wis =+10°c | — 





On-State Voltage 


Tc = +25°C, It = 17 A Peak = 





Critical Rate of Rise of 
Off-state Voltage 


Tc = +100°C, Vpm = Vprmu 
Gate Open Circuited 
| Exponential Wareform 





Critical Rate of Rise of 
Commutating Off-State 
Voltage 


(dv/dt), | [TIRMS) = 12A 


Vom = VorRm 





DC Gate Trigger 


Current 























DC Gate Trigger 
Voltage 


DC Holding Current 





Vom = 12V 
Rt = 50Q 





Vp =24V 











DC Latching 


Current 


Vp5= 24V 





Gate Trigger 





Source = 15V 





10022, 50usec. 





5 psec rise 





ai times 








*1V ie 
Steady State 


Thermal Resistance Rthij—c 


Junction-to-case 





Apparent | Rthg_—¢ 


Thermal Resistance (AC) 





Trigger Mode & Test circuit 








For acceptance test. 


Junction-to-case 
For calculation of Tj 


) 
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RL = 502 |G Bee oe 
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tp A ry ‘ 
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= EOS ~o 
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Trigger Mode II Trigger Mode | 


Tz Trigger Mode Il! { Trigger Mode IVT9 
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oases Seren ed 
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NEC crectaron evict . S$C149B~SC149M 


Fig.1 i+;—V-7 Characteristic Fig.2 Itsy Rating 
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Fig.3 Pray) —It(ams) Characteristic Fig. 4 Gate Characteristic and Rating 


AK picgl E 
POWER DISSIPATION EQUALS 
10 WATTS MAXIMUM FOR 10 
MICROSECONDS PULSE WIDTH 








TE: 

SHADEO AREA REPRESENTS LOCUS 

OF ALL POSSIBLE OC (2 20 MICRO- 

SECONDS) GUARANTEED TRIGGERING 
POINTS FROM -40°C TO +100°C. 


Gate Voltage Ve (V) 





NS NI A 
bg 0.5 1.0 15 2.0 25 3.0 35 


On-State Average Power Dissipation Pt( av) (W) 





4 6 
On-State Current It( Rms) (A) Gate Current Iq (A) 


Fig.5 To—Iqiams) Rating Fig.6 IG7—Tc Characteristic 
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DC Gate Trigger Current let (mA) 
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On-State Current IT( Rus) (A) 
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DC Holding Current !W (mA)} 


DC Gate Trigger Voltage Vet (V) 


SC149B~SC149M 


Fig. 7 Vor —Tc Characteristic 





























TE: 


| APPLIES FOR ALL THREE 
GUARANTEED TRIGGER 
JODE S 






































Fig.9 14, —Tc Characteristic 
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Case Temperature Tc (°C) 
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Case Temperature Tc (°C) 


20 


NEC ELECTRON DEVICE 


Fig.8 Pulse Ig; Characteristic 





NOTES: 
1. RECTANGULAR GATE CURRENT PULSE APPLIED. 
2.RiSE AND FALL TIMES EQUAL TO OR LESS THA: 


10% OF GATE PULSE WIDTH. 
3.MAIN TERMINAL VOLTAGE « 12 VOC, LOAD 
RESISTOR (SEE CHARACTERISTIC TABLE) 
4. APPLIES FOR ALL THREE GUARANTEED 
TRIGGER MODES. 











4. 
=—40°C 
+ 


Ss 



































Gate Trigger Current IGT (mA) (Peak Valve) 















































5 


o 12345 67869 On 2 8 4 15 
Gate Pulse Width + (uS) 


Fig. 10 Rthg_.) Characteristic 

















Thermal Impedance Rth(j—c) (°C/W) 
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NEC TRIAC 


ELECTRON DEVICE SC151B~SC151M 


The SC151B ~ SC151Mare all diffused mold type triac granted 
RMS On-state current 15 Amps. 


Outline Drawing (Unit:mm) 


MAX MAX 


: 


The glassivation technique applied to pellets’ surface makes this 
series quite highly reliable. 


FEATURES = 
® Glassivated silicon chip for maximum relia- < 
bility 
® TO-220AB mold package 
@ Low cost 
APPLICATIONS 


Motor speed control, 


Lamp dimmer, Temperature controllers, 





Various solid state switches, etc. 


2.54 2.54 


Pin Connection 


iy cip-eip om 
7 2 T2 
@ Gate 


MAXIMUM RATINGS 
























Repetitive Peak off Voltage | Vorm ‘| _-200:~| 400 | 500 | 600 | v | 
Non-repetitive Peak off Voltage | Vom | 300 | 500 | 600 | 70 | v | | 


Peak Surge On-State Current Itsm 120 (60Hz), 110 (50Hz) | A | Fig. 2 
fitat 60 (8.3ms) 


Peak Gate Power Dissipation 10 (104s Pulse Width) Wee nt 
Average Gate Power Dissipation 0.5 Pow] | 
















Fusing Current 














Peak Gate Current See Fig. 4 | A 
Junction Temperature —40 ~ +100 
Storage Temperature Tstg —40 ~ +125 


° 


° 


Vv 
V 
A 
A 

A? 
W 
WwW 
A 
Cc 
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$C151B~SC151M NEC crecreon oevice 





ELECTRICAL CHARACTERISTICS _ | | 








Item Test Conditions MIN. | TYP.| MAX.| Unit Note 


To = +25°C - 

Peak Off-State Current Vom = Vorm a 
Te = +110 C ae 

On-State Voltage Tc =+25°C, Itm = 217A peak ef 
——~t 

Te = 100°C, Vom = VprM 














Critical Rate of Rise of 


Off-state Voltage 


Gate Open Circuited 


Exponential Waveform 


100 





Critical Rate of Rise of 
Commutating Off-State 
Voltage 


It(RMS) = 15A 
Vom = VormM 








DC Gate Trigger 


Current 























DC Gate Trigger 
Voltage 


DC Holding Current 











Vp = 24V 








DC Latching 


Current 


Steady State 
Thermal Resistance 





Apparent 
Thermal Resistance 


* Trigger Mode & Test Circuit 


Vp = 24V 
Gate Trigger 
Source = 15V 











100Q, 150psec. 
5usec rise 


Times 

















Junction-to-Case 
For acceptance Test 





Junction-to-Case- 


For claculation of Tj 

















NEC erecrron sevice S$C151B~SC151M 


Fig. 1 i; —V+ Characteristic Fig. 2 Irs Rating 
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Surge on-state Current ITsm (A) 




















Fig. 3 Pray) —Itiams) Characteristic 


PEAK INSTANTANEOUS GATE 
POWER DISSIPATION EQUALS 
10 WATTS MAXIMUM FOR 10 
MICROSECONDS PULSE WIDTH 


NOTE: 

SHADED AREA REPRESENTS LOCUS __| 

OF ALL POSSIBLE 0C(> 20 MICRO- 

SECONDS) GUARANTEED TRIGGERING 
POINTS FROM -40°C TO +100°C. 





Gate Voltage VG (V) 








On-State Average Power Dissipation Pt( av) (W) 


% 2 4 6 6 0 2 14 16 (8 20 
On-State Current It(Rus) (A) Gate Current Ig (A) 
Fig.5 To —lyRms) Rating Fig.6 tg7—Te Characteristic 
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On-State Current It¢RMs) (A) 
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DC Gate Trigger Voltage Vet (V) 


DC Holding Current 1H (mA) 


$C151B~SC151M 


Fig. 7 Vor —Tc Characteristic 























NOTE: 
| APPLIES FOR ALL 





THREE 
GUARANTEED TRIGGER 
MODES. 
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Case Temperature Tc (°C) 
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Gate Trigger Current I@t (mA) (Peak Value) 


Thermal Impedance Rth(j—c) (°C/W) 


NEC ELECTRON DEVICE 


Fig. 8 Pulse Ig7 Characteristic 





NOTES: 
|.RECTANGULAR GATE CURRENT PULSE APPLIEO. 
2.RISE AND FALL TIMES EQUAL TO OR LESS THA 

10% OF GATE PULSE WIDTH. 
3.MAIN TERMINAL VOLTAGE 





«t2V OC, LOAD 


RESISTOR (SEE CHARACTERISTIC TABLE) 
4. APPLIES FOR ALL THREE GUARANTE! 


To 
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Fig. 10 Rthj_.) Characteristic 
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NEC DIAC 


ELECTRON DEVICE 
N413 


Silicon Bidirectional Trigger Diode 


FEATURES 


@ Glassivation technique applied 
® Suitable for TRIAC trigger 
@ DO 35 package 


® Low cost Outline Drawing (Unit: mm) 





25MIN. 


MAXIMUM ALLOWABLE RATINGS 


Condition 






























< 
: =< Color Code 
Pulse Width 10us = 
Peak Sunagt Repetition 120Hz S 
Storage Temperature —40~+125 
Junction Temperature z 
ra 
N 
Pa 








Specification 
Item Symbol Note 
MAX. 








Break Over Voltage Ve01(VBo2) 40 Vv See Fig. 1 





Break Over Voltage Symmetry AVBolVBo01 — VBo2! 3 Vv See Fig. 1 





Break Over Current IBo1(lBo2) See Fig. 1 





VBo Temperature Coefficiency See Fig. 3 


























Peak Output Voltage Vp See Fig. 2, 4,5 


SUBDIVIDED Vgo Fig. 1 Fundamental Characteristic Fig. 2 Fundamental Circuit 


Suffix | 
(Color Code) 








L(Red) 





0 





——_—_-—} 


M(Blue} 


AC 100V 
50/60Hz 





N(Yellow) a 











Note: Request L, M or N, when the special selected Vgo is needed. Ex., N413M. 
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N413 


Fig. 3 Variation of Vgo with Ta 


(Typical distribution) 7 



































Rate of Change of Vuo (%) 
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Ambient Temperature Ta (CT) 


Fig. 5 Vp—Crt Characteristic (Ta = 25°C) 
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NEC ELECTRON DEVICE 


Fig. 4 Vp—Ta Characteristic 





(Typical distribution) 
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i ] 
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50Hz il 200 
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Ambient Temperature Ta (TC) 





Peak Output Voltage V; (V) 




















Fig.6 Vp—Rt Characteristic (Ta = 25°C) 
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NEC 15A SHOTTKY BARRIER DIODE 
15SBO03S,15SBO4S 


15SB03S and 15SBO4S are shottky barrier diodes of which OUTLINE DRAWING (Unit: mm) 
forward average current is 15A. 


FEATURES - 


@ Low forward voltage drop. 





@ Very fast recovery time. 


APPLICATIONS o19:0.1  S:IMAX. 


@ Switching Regulators 
@ DC-DC Convertors 








20.3MAX. 


44— 


1140.3 ,3.240.3 


MAXIMUM RATINGS 
Items Symbols 15SB03S 15SB04S 











Repetitive Peak Reverse Voltage VRRM | 30 40 
me 





Non Repetitive Peak Reverse Voltage | VRSM 36 48 

ma ~aR°r Square wave 
Forward Current hs lF(AV) 15 (Tc=98 C, Duty=50% ul 
Surge Forward Current a FSM 250 


Tl —40 ~ 125 








Junction Temperature 





. 
Storage Temperature Tstg —40 ~ 125 











Stud Torque 








ELECTRIC CHARACTERISTICS (Tj=25°C) 


Symbols Conditions Max. 
Tj=125°C [| 

VRM=VRRM |_ 

Forward Voltage IFM=15A 0.6 


{— Junction- 
Case 2.0 





Repetitive Peak Reverse Current IRRM 100 














Thermal Resistance Rj-c 
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15SB03S,15SB04S 


Forward Current ip (A) 


Case Temperature Tc (°C) 


Fig. 1 Ve—if Characteristic 










































































(6) 0.5 
Forward Voltage Ve (V) 


Fig. 3 Tc—iF(ay) Ratings 





















































Average Forward Current IF(ay) (A) 





NEC ELECTRON DEVICE 


15SB03S, 15SB04S 


Fig. 2 Peyav)—!F(aAy) Characteristics 


Current waveform 
JL - + 
“| duty = 




































































Average Forward Power Dissipation PE (ay) (W) 


0 10 20 
Average Forward Current !e(ay) (A) 


Fig. 4 Transient Thermal Impedance 











































































































Transient Thermal impedance Zth j-c (°C/W) 





Time (sec) 
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NEC | 15A SHOTTKY BARRIER DIODE 


ELECTRON DEVICE 


15SBO4M is a shottky barrier diode of which forward 
average current is 15A. 


FEATURES 

@ Low forward voltage drop. 
@ Very fast recovery time. 

@ Easy installation. 


APPLICATIONS 
@ Switching Regulators 
@ DC-DC Convertors 


MAXIMUM RATINGS 
ITEMS i SYMBOLS 


15SBO04M 


OUTLINE DRAWING (Unit: mm) 
16.5MAX. 










5.5 MAX 
x 
4 
= 
wo 
aD 
Zz 
= 
™ 
N 
1.05+0.1 
0.65+0.1 
2.80.1 
NC et 


15SB04M 





Repetitive Peak Reverse Voltage VRRM 


40 





Non Repetitive Peak Reverse Voltage VRSM 


48 





Forward Current IF(AV) 
4 


15 (Tc=95.5°C, Square wave 
Duty=50%) 





Surge Forward Current | l—ESM 


250 





Junction Temperature Tj 


—40 ~ 125 





Storage Temperature Tstg 








ELECTRICAL CHARACTERISTICS (Tj=25°C) 
ITEMS SYMBOLS 








—40 ~ 125 


CONDITIONS : UNITS | NOTES 





- 
Repetitive Peak Reverse Current 'RRM 


Tj=125°C | oie 
VRM=VRRM i} | 





Forward Voltage | VEM 


leEM=12A 








Thermal Resistance | Rth(j-c) 





Reverse Recovery Time trr 





12N 








leM=5A 


15SBO4M NEC itectron oevice 


Fig. 1 vp—ip Characteristics Fig. 2 PE(av)—!F(AV) Characteristics 
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Forward Current ig (A) 























Average Forward Power Dissipation PF (Av) (W) 
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Fig. 5 Transient Thermal impedance 
































Transient Thermal Impedance Zth (°C/W) 
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NEC 


ELECTRON DEVICE 


30A SHOTTKY BARRIER DIODE 
30SB03SA,30SBO04SA 


30SB03SA and 30SBO04SA are shottky barrier diodes of which 
forward average current is 30A. 


FEATURES 


@ Low forward voltage drop. 
@® Very fast recovery time. 


APPLICATIONS 


® Switching Regulators 
@ DC-DC Convertors 


MAXIMUM RATINGS 







Non Repetitive Peak Reverse Voltage VRSM 









Junction Temperature 









Storage Temperature 






Stud Torque 


ELECTRIC CHARACTERISTICS (Tj=25°C) 


VRM=VRRM 
unction- 
Case 


Repetitive Peak Reverse Current 
Forward Voltage 


Thermal Resistance 
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Repetitive Peak Reverse Voltage VRRM | 300 fo 


Pee cal 
g2°c, Square wave, Fig, 3 


' Duty=50% 


Surge Forward Current lFSM ) 00s A 
les | eee ea 


A 
a 
} 
3 


OUTLINE DRAWING (Unit: mm) 


x 

< 

B 3.60.2 
ol $3.60. 
NIN 

: ¢ 
9 M6 

La P1.0 











v 


°C/w 


30SB03SA,30SB044SA NEC siectrow oevice 


30SB03SA, 30SB04SA 


Fig. 1 Ve—if Characteristic 


Fig. 2 Pe(av)—!F(AvV) Characteristics 


Current waveform 
































Forward Current ig (A) 



























































Average Forward Power Dissipation Pr (ay) (W) 


Forward Voltage Vp (V) Average Forward Current IF(av) (A) 


Fig. 3 Tc—lF (ay) Ratings Fig. 4 Transient Thermal Impedance 


Baas Current waveform 

Bled dot ea eRe 
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NEC 40A SHOTTKY BARRIER DIODE 
peranne 40SBO0O3SA,40SBO4SA 


40SB03SA and 40SBO4SA are shottky barrier diodes of which OUTLINE DRAWING (Unit: mm) 
forward average current is 40A. 


FEATURES 


@ Low forward voltage drop. 


@ Very fast recovery time. ° 


63.640.2 
M6 
P1.0 
MAXIMUM RATINGS 


Items Symbols 40SB03SA 40SB04SA Units Notes 
Repetitive Peak Reverse Voltage VRRM 30 40 
6 48 


[Sure Forward Curent | es [mA 
°C 
03 





APPLICATIONS 


®@ Switching Regulators 
@ DC-DC Convertors 







26.5MAX. 














Storage Temperature —40 ~ 125 
Stud Torque ae 26 ~ 35 Kg-cm 

















ELECTRIC CHARACTERISTICS (Tj=25°C) 
Sims | Coons [Mex [Ui 
mA 


Repetitive Peak Reverse Current IRRM en ave < 250 Sma | 
Forward Voltage VEM IFM=100A 
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40SB03SA,40SBO4SA NEC rectron oevice 


40SB03SA, 40SB04SA 


Fig. 1 Ve—ig¢ Characteristic Fig. 2 Pe(av)—!F(av) Characteristics 


Current waveform 
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ir ut 9 
duty = T x 100% 


ae os a ee 
=a a ae 
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Forward Current ig (A) 
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0 10 20 30 40 560 60 70 
Average Forward Current IF (ay) (A) 


Average Forward Power Dissipation PF (avy) (W) 


Forward Voltage i (V) 


Fig. 3 Tc—IF(ay) Ratings Fig. 4 Transient Thermal Impedance 




















Case Temperature Tc (°C) 























Transient Thermal Impedance Zthj-c (°C/W) 
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qane 


NEC 


ELECTRON DEVICE 


60SB03S,60SBO04S 


60SB03S and 60SB04S are shottky barrier diodes of which OUTLINE DRAWING (Unit: mm) 
forward average current is 60A. 


FEATURES 


@ Low forward voltage drop. 


@ Very fast recovery time. 


APPLICATIONS 


® Switching Regulators 9.5MAX. 
@ DC-DC Convertors $3.8+0,2 








1120.3, 25.4MAX. 


MAXIMUM RATINGS 


: oe 4 
Peed 


ELECTRIC CHARACTERISTICS (Tj=25°C) 
[RonitePak owen | ta “bac | 


Forward Voltage VEM IFM=150A Fig. 1 
Thermal Resistance Rj-c Junction- 0.75 °C Fig. 4 
Case 










60SB04S 


«6 





> 











° ° 
oO} oO 





Kg-cm 






ro) 
fo) 
3 

















60A SHOTTKY BARRIER DIODE 


60SB03S,60SB04S NEC tiectron sevice 


60SB03S, 60SB04S 


Fig. 1 Ve—i¢ Characteristic 


Fig. 2 Pe(av)—lF(ay) Characteristics 


corenrwaetem! [TTT TT] 
t 
+ duty ==—x 100% rT 









T 
100 





Forward Current ig (A) 






































Average Forward Power Dissipation PF (ay) (W) 


0 
.0 0 20 40 60 80 100 
Forward Voltage Ve (V) Average Forward Current IF (ay) (A) 
Fig. 3 Tco—!F (ay) Ratings Fig. 4 Transient Thermal Impedance 









Sa ee oe es ee Current waveform 
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Pe fee en Ma 
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Case Temperature Tc (°C) 
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Transient Thermal Impedance Zthj-c (°C/W) 
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Average Forward Current IF(ay) (A) Time (sec) 





N KE Cc 12A FAST RECOVERY DIODE MODULE 
eee 12CH1M~12CH4M 








12CH1M~12CH4M are fast recovery diode centertap OUTLINE DRAWING (UNIT: mm) 
module of which output current is 12A. I6.SMAX. 3549.9 -B.BMAX. 
FEATURES 2 
< 
* Fast recovery time. & 
* High reliability (Glass passivation). = 
Zz 4 
Easy installation. 2 : 
N 
pa een 
APPLICATIONS 08801 
Z 2.840.1 


Switching Regulators 


* DC-DC Convertors 


MAXIMUM RATINGS 
Items Symbols | 12CH1M 





Repetitive Peak Reverse Voltage VRRM 100 





Non Repetitive Peak Reverse Voltage L VRSM 





Output Current 





Surge Forward Current 60 





Junction Temperature j —40~ 150 











Storage Temperature —40~ 150 








ELECTRICAL CHARACTERISTICS (Tj = 25°C) 


Items Symbols Conditions 








Repetitive Peak Reverse Current Tj = 150°C, Vjm=VRRM 





Forward Voltage l|FmM=6A 





Thermal Resistance Junction to Case 














Reverse Recovery Time 1F—M = 0.4A, IRM =0.8A 





-12R 


12CH1M~12CH4M NEC cicctron oevice 

























































































Fig. 1 ve — ip Characteristics (per Cell) Fig. 2 Pe(ay) — IF (Av) Characteristics 
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Average Forward Power Dissipation PF(ay) [W] 
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NEC 12 FAST RECOVERY DIODE MODULE 
ee 12CH1FM~12CH4FEM 


12CH1FM~12CH4FM are isolated type fast recovery OUTLINE DRAWING (UNIT: mm) 


diode centertap module of which output current is 12A. 


FEATURES 


* 





Fast recovery time. 


* 


High reliability (Glass passivation). 





* 


Isolation type. 


Easy installation. 


APPLICATIONS 


* 


Switching Regulators 
* DC-DC Convertors 

MAXIMUM RATINGS 

Items Symbols | 12CH1FM/ 12CH2FM{ 12CH3FM | 12CH4FM 








Repetitive Peak Reverse Voltage VRRM 





Non Repetitive Peak Reverse Voltage VRSM 





Output Current 12 (Tc = 121°C, Square wave Duty = 50 %) 





Surge Forward Current 60 





Junction Temperature 





Storage Temperature 











Isolation Voltage 





ELECTRICAL CHARACTERISTICS (Tj = 25°C) 


Items Symbols Conditions 
Te 
Repetitive Peak Reverse Current [ IRRM Tj = 150°C, VRm = VRRM 








Forward Voltage VEM lI—FM=6A 





Thermal Resistance Rth(j-c) Junction to Case 











Reverse Recovery Time ter ley =0.4A 





4AN 


1 2CH1 FM ~ 1 2CH4FM NEC ELECTRON DEVICE 


Fig. 1 ve — ig Characteristics (per Cell) Fig.2 Pe(ay) — '& (Au) — Chracteristics (per Cell) 
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Fig. 6 Transient Thermal Impedance (per Cell) 
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NEC 


ELECTRON DEVICE 


20CS04M is a shottky barrier diode centertap module of 
which output current is 20A. 


FEATURES 

@ Low forward voltage drop. — ro) 

@ Very fast recovery time. 2 3 

®@® Easy installation. $ = 
re) g 
oO ap) 

APPLICATIONS = © 


@ Switching Regulators 
@ DC-DC Convertors 


MAXIMUM RATINGS 
SYMBOLS 


20A SHOTTKY BARRIER DIODE MODULE 


20CS04M 


OUTLINE DRAWING (Unit: mm) 


eeMas 5.5MAX. 















20CSO04M 








: ae 
Repetitive Peak Reverse Voltage VRRM 





40 
48 








Non Repetitive Peak Reverse Voltage a VRSM 


Output Current 


20 (Tc=106°C, Square wave 


Duty=50%) 





Surge Forward Current 


250 





Junction Temperature 





ELECTRICAL CHARACTERISTICS (Tj=25°C) 








—40 ~ 125 








(TEMS SYMBOLS CONDITIONS | MAX. | UNITS | NOTES 
Tj=125°C 
mA 
} ine | vate —_ 
y eae 





Repetitive Peak Reverse Current 








Forward Voltage 


“om 


Thermal Resistance 






Reverse Recovery Time 
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20CS04M NEC ttectron sevice 















































































































































































































































































































































































































































Fig. 1 up—ig Characteristics (per Cell) Fig. 2 PE(av)—le(ay) Characteristics (per Cell) 
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Fig. 5 Io(pc)—Ta Ratings 











VR=40V 
K=1:1* 
* See Fig. 3 
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NEC 20A SHOTTKY BARRIER DIODE MODULE 
DEVICE 
eas 20CSO04FM 


20CSO4FM is a isolated type shottkey barrier diode OUTLINE DRAWING (UNIT: mm) 


centertap module of which output current is 20A. 


FEATURES 


* 





24.0MAX. 


Low forward voltage drop. 


Very fast recovery time. 





Isolated type. 


Easy installation. 


APPLICATIONS 
* Switching Regulators 
* DC-DC Convertors 


MAXIMUM RATINGS 
Symbols 20CS04FM 











Repetitive Peak Reverse Voltage | 40 





Non Repetitive Peak Reverse Voltage 48 





Output Current 20 (Tj = 102°C, Square wave Duty = 50 %) 





Surge Forward Current 





Junction Temperature 





Storage Temperature 











Isolation Voltage AC 1500 





Symbols Conditions 





Repetitive Peak Reverse Current 1RRM Tj=125°C, Vam = VRRM 





Forward Voltage VEM lFM = 10A 





Thermal Resistance . Rth(j-c) Junction to Case 

















Reverse Recovery Time trr 1FM=5A 
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20CS04FM NEC ciectron oevice 





















































































































































































































































































































































































































































































































































































































































































































































































































































Fig. 1 ve — ig¢ Characteristics (per Cell) Fig. 2 PF{AV) — IF(AV) Characteristics (per Cell) 
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NEC 24A FAST RECOVERY DIODE MODULE 
= 24CH1FM~24CH4FM 


24CH1FM ~ 24CH4FM are isolated type fast recovery OUTLINE DRAWING (Unit: mm) 
diode centertap module of which output current is 24A. 


FEATURES 

@ Fast recovery time. 

@ High reliability (Glass passivation). 
@ Isolation type. 

@ Easy installation. 


APPLICATIONS 
@ Switching Regulators 
@ DC-DC Convertors 





MAXIMUM RATINGS 


ITEMS SYMBOLS | fee | aa | arm | UNITS | NOTES 

Repetitive Peak Reverse Voltage VRRM | 100 | 200 | 300 | 400 | 
Non Repetitive Peak Reverse Voltage | VRSM | 150 | 250 | 350 | 
T 





















24 (Tc=99°C Square wave 


Isolation Voltage Visol . AC 1500 
ELECTRICAL CHARACTERISTICS (Tj=25°C) 
ITEMS SYMBOLS |CONDITIONS MAX. 
= ° 
Repetitive Peak Reverse Current q isi e 
VRM=VRRM 


Forward Voltage —M 1eM=i2A 
rT 


; : eee 








UNITS NOTES 
~| 


Thermal Resistance Rth(j-c) 


Reverse Recovery Time IFM=0.4A 
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24CH1FM ~24CH4FM 


Fig. 1 vg—ip Characteristics (per Cell) 
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Fig.3 Io(pc)—Tc Ratings 
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Output Current lo(pc) (A) 


Fig. 5 Io(pc)—Ta Ratings 






























































Output Current IQ(pc) (A) 
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NEC ELECTRON DEVICE 


Fig. 2 PE(av)—!F(Av) Characteristics (per Cell) 
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Average Forward Power Dissipation PF (ay) {W) 
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Average Forward Current IF(ay) (A) 


Fig. 4 le(av)—Tc Ratings (per Cell) 
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Fig.6 Transient Thermal impedance (per Cell) 
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NEC put 
N13T1, N13T2 


PROGRAMMABLE UNIJUNCTION TRANSISTOR 
Silicon Planar Type N-gate Thyristor 


The N13T1, T2 are planar type PUT for the industrial use. Outline Drawing (Unit : mm) 
The designer can select the resistance values to program the 
characteristics such as Reg, 7, ly, and Ipto meet his parti- 
cular needs. 

Application of the N13T includes thysistor trigger, timing 
circuits, oscillator, pulse generator, sensing circuit and other 












N-gate thyristors. A 
0 
FEATURES ooae ne S 
@ N gate SCR which has high gate sensitivity. 
@ Low leakage current. 
@ Wide changeability Rgg, 7, !p, lv. : 


@ Low in !, and small power operation. 
lead connection 





@ Fast, High Energy Trigger Pulse. 4 Sheas 
@ Low cost. 2. gate 
3. cathode 


MAXIMUM ALLOWABLE RATINGS (Ta = 25°C) 


Items Symbols 





Gate-Cathode Forward Voltage VGKF 





Gate-Cathode Reverse Voltage 





Gate-Anode Reverse Voltage 
Anode-Cathode Voltage 

DC Anode Current 

DC Gate Current 


Peak Anode Recurrent 
Pulse width 100us, duty 1% 
Pulse width 20us, duty 1% 


Peak Anode Non-recurrent 
Pulse width 10us 

















Total Average Power *4 PT 


Operation Ambient Temperature Range | Topt 


Junction Temperature 























Capacitive Discharge Power *3 





Note: Please refer to Application Note No. 3; PUT application. 
*1 Derate currents and powers 1%/°C above 25°C *3 E = 1/2 CV? capacitor discharge energy no current limiting. 
*2 Rectangular wave. 
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N13T1,N13T2 NEC etectron pevice 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Items Symbol Fig. No. 





Peak Current Rg = 1MQ Fig.1 
Fig.2, Fig.3 


x = Fig.6 


+ 


Offset Voltage RG = 1MQ Fig.1 








(Vs = 10V) Re = 10KQ Fig.10 





Valley Current RG = 1MQ Fig.1 
Fig.4, Fig.5 


Fig.7 





— 





Gate-Anode Leakage Current 
( K Open, Vs = 40V) 


Gate-Cathode Leakage Current 
(A—K Short, Vs = 40V) 

Forward Voltage 
(t—F = 50mA) 

Pulse Out-put Voltage 
(V=20V, C =0.2uF) 


Pulse Voltage Rate of Rise 
(V =20V, C =0.2uF) 


Fig.12 





Fig.12 





Fig.1, Fig.17 


Fig.14, Fig.15 








Fig.1 























(1a) Equivalent UJT which is (1b) The definition of equivalent (1c) Characteristic model of 
connected Program resist- circuit of (1a) and VS, RG. VA-—IA and the definition of 
ance. measurement point. 


Ip Vp lv Vv 


100k (IP. Vp? 


1k(ly. Vw) ris terminal 
100 W / 1nA (Ip) 
ImV/1pA(Iv) 





measurement 
terminal of 


Vp,Vy 
1000pF | mica 


o— 
GND 





(1d) Vo, tr measurement circuit. (le) The definition of output (1f) Measurement method of IP, 

pulse wave and measurement Ve, IV, VV 

point. (Please refer to Application 
Note No. 3) 








149 e 


N13T1,N1312Z 


N. E Cc ELECTRON DEVICE 


10V) 


Fig. 3 N13T2 IP—RG Typical Characteristic (VS 


10V) 


Fig. 2 N13T1 IP—RG Typical Characteristic (VS 
































































































































































































































10000 


Gate Bias Resistance Ro (k2) 


























































































































(W7) 4] Juang yeag 

















Gate Bias Resistance Ro (kQ 


ly -RG Typical Characteristic 


Fig. 5 


RG Typical Characteristic 


Iy- 


Fig. 4 N13T1 
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Gate Bias Resistance Re (k2) 


Gate Bias Resistance Rc (kQ) 


10V) 


ly—Ta—RG Typical Characteristic (VS 


10V) Fig. 7 


Ip-Ta—RG Typical Characteristic (VS 


Fig. 6 
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Ambient Temperature Ta (°C) 


Ambient Temperature Ta (°C) 
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N13T1,N13T2 


Valley Current ly (A) 


Offset Voltage Vr (V) 


Leakage Current (nA) 





Fig. 8 ly—-VS—RG Typical Characteristic 
































































































































(¢) 5 10 15 20 25 30 35 
Gate Bias Voltage Vs (V) 


Fig. 10 V;—RG—Ta Typical Characteristic (VS=10V) 


































































































Gate Bias Resistance Rg (kQ) 


Fig. 12 ljeak—Ta Typical Characteristic (VS=40V) 
100 





10 

















0.1 





0.01 
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Ambient Temperature T, ( TC) 
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Valley Voltage Vv (V) 


Repetitive Anode Current ‘ram (A) 


NEC euectron pevice 


Fig. 9. !p—VS—RG Typical Characteristic 















































Peak Current | p (uA) 












































0 5 10 15 20 25 30 
Gate Bias Voltage Vs (V) 


Fig. 11 Vy—Ta—RG Typical Characteristic (VS=10V) 
10 



































—§0 0 +50 +100 +150 
Ambient Temperature T, ( T) 


Fig. 13 | t—.4,—P > W Maximum Rating 
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itrm 








Duty Cycle=1% 
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Pulse Width PW(,S) 





NEC azctron vevice 


Fig. 14 Vo —C—V Typical Characteristic 
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Electrostatic Capacity C (uF) 
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Pulse Output Voltage Vo (V) 
























































Fig. 16 Derating Wave 





(%) 








Conduction Current 
Power Dissipation 


























0 
-—60 —40 —20 0 
Ambient Temperature Ta (°C) 


+20 +40 +60 +80 +100 +120 


Fig. 18 
A 
O 
When the N13T1 is used -as a N-gate 
“SCR” Connect CGa and Rea as Fig. 
Go 18 shows. 
OK 
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N13T1,N13T2 


Fig. 15 Vo—V—C Typical Rating 


Pulse Output Voltage Vo (V) 











5 10 15 20 25 30 35 40 
Supply Voltage V (V) 


Fig. 17 |IF—VF Typical Characteristic 


















































Forword Current (mA) 







































































Forward Voltage (V) 





less than 10kQ 4700pF 


N13T1,N13T2 NEC trctron pevice 


Approximate Design Equations for Timer 


r=-<T. vp 
R1 
Vp =——_—- + 
Pp ene Vec + VT 
IC(leak) + IP <1 
T=CT? RT| pereeren Saaeer 
‘ ;_ Vee + VT 
Vcc 
esi 
" Ri+R2 


Vcc —V 
IC (teak) + Ip ae 
2 





Approximate Design Equations for Relaxation Oscillator circuit 


C 
T=" (Vp—Vy) 








R1 
Vp = —————_ + 
P Ry + Ro Vect VT 
IC(leak) + Ip <1 
l<ly 
"Vcc + Vt—Vv 
Vec—-Vv 
TR + Re 
Vec -—V 
IC (leak) + Ip < oo P 
RT 
Vcc —V 
ee iy 
RT 
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NEC 


ELECTRON DEVICE 


The 2SH25 is a mold type (TQ:92} nionolithic KC Unijunction 


Transistor with an equivatent function to 4 traditional UJT, 


showing outstanding température characteristics and long term 


stability as compared with traditional one. 


Simple oscillation circuit with 2SH25 can be designed, which 


are suitable for use in phase Controllers, inverters ‘ard: timers. 





FEATURES 


Planer passivated structure 

Superior reliability and temperature stability 

Fast, high energy trigger pulse 

High interbase resistance (twice as high as traditional one) 
Constant valley point current against load resistance amd bias 
voltage _ ; 


Small deviation of 7 {+5%) 


© Tight instrinstic standoff ratio distribution 





APPLICATIONS 


Trigger for SCR phase control circuit’ 
Timers eberty 3 ‘ 
Oscillators 

Sweep circuits — 

Stable voltage 


Frequency divider 
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TRIGGER DEVICE (EUJT 


2SH25 


Outline Drawing (Unit : mm) 


0.65 OMAX. 
0.40 OMIN. 


Pin Connection 
8 : Base 1 
E : Emitter 
B : Base 2 





2SH25 NEC eiectron vevice 





| MAXIMUM RATINGS | 


Items Symbol * ** Specifications Units Notes 


Power Dissipation 








Emitter Reverse Voltage 





Interbase Voltage 





Peak Emitter Current A Pulse width 20pus 





DC Emitter Current 


Junction Temperature 








Storage Temperature 

















Specifications 


MIN. {| TYP. | MAX. 





Test Conditions 


Interbase Resistance Veg =30V, le=0 





Emitter Reverse Current Veg =30V, Ve1=0 





Emitter Saturation Voltage Vep? (sat) Vep=20V, le =50mA 





instrinsic Stand-off Ratio n Veg =20V 





Peak Point Emitter Current Ip Vep=20V 





Valley Point Current Vep=Z20V 





Valley Point Voltage Vpep=20V 








Base-one Peak Pulse Voltage Re1=202, C7 =0.2uF *** 




















* Static Emitter Characteristic * * Symbol * * * Basic Oscillation Circuit 


Rr 3 Ree 
100k82 400%) 
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NEC ctectron oevice 2SH25 


Valley Point Current lv (mA) 


Valley Point Current lv (mA) 


Fig. 


| lv—Resi Characteristic Fig. 2 lv—Vee Characteristic 


Ta 25 





Rar 202 









































Valley Point Current tv (mA) 



















































































Interbase Voltage Vea (V) 


Fig. 4 Vos:—Rsi Characteristic 





Ves =20V 











Rei =20Q 
TYP. 











Base-one Peak Pluse Voltage Vos (V) 
































Vv) 


Base-one Peak Pulse Voltage Voer ( 





















































Ambient Temperature Ta (‘C) Base 1 Resistance Rar ( 2) 


Fig. 5 Vopi—Cr Characteristic 




















































































































Capacitance Cr (uF) 
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2SH25 


Peak Point Current Ip (uA) 





NEC eiectron vevice 





















































































































































Fig. 6 lp—Ves Characteristic Fig. 7 lp—Ta Characteristic 
x 
= 
a 
e 
ie 
5 
ro) 
€ 
[o} 
a. 
s 
a 
0 -40 —20 0 20 40 60 80 100 
nterbase Voltage. Vea (V) Ambient Temperature Ta (°C) 





MATTERS TO BE ATTENDED ON USE 


(1) 


(3) 


Modulation base current 

Modulation base current of 2SH25 is about 3mA, while that of a traditional UJT is about 15mA. 
Therefore in the circuit as shown in Fig. 8-a, which catches signals from B2 unsufficient output pulse can be 
gained. In this case it is recommendable to use the circuits shown in Fig. 8-b and Fig. 8-c. 

Rg7 and Rep 

In the circuits of larger Rgz (more than 200Q) or of using pulse transformer with turn ratio of more than 2 
to 1, the discharge current from Cy might not be reached to ly (see Fig. 9). Or in case bias voltage V; is 5 to 6 
volts, careful consideration should be required for replacing traditional UJT to 2SH25. It is possible to amplify 
output pulse in the circuit shown in Fig. 11 as well as one in Fig. 10. 

Series resistance 

Small emitter saturation voltage and internal resistance of 2SH25 require to insert a series resistance of more 


than 5Q in the discharge circuit loop of oscillation capacitor as shown in Fig. 12 to suppress peak current. 


187 





NEC teectron vevice 


Fig. 8-a Circuit obtained Signal 
from B2 Terminal 
(unrecommendable) 

i + 





merase | 


See 
V1] 20V ‘ : 














Fig. 8-c An Example 2 of improved 
circuit of Fig. 8-a 





V1 
ste 











; 
SS 
e Oi: Se 





Fig. 10 Pulse amplifier circuit 




















OUTPUT 
> Vi 
__ Vosi Mi- VW -. Rei 
Re/ae lS ay : Aisi +Ras ¥' ~ Vee 
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2SH25 


Fig. 8-b An Example | of improved 
circuit of Fig. 8-a 


$—-—_{ + 


crak So 


peers arenes me 





Af 














Fig. 9 An Example of improved circuit 
with Pulse Transformer 








es Ro) 
ars 
VI 
e 
cs 
Ro ic load 
_———_ 
100 200 Q 
Pulse transformer 








turn ratio,2:1 


Fig. |! Pulse amplifier circuit 





Vi< Vee 


3 Re 
7 RT Roe 


2SH25 NEC ezectron vevice 


Fig. 12 Insertion of series resistance 
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NEC SILICON VARISTOR 181209 ~ 181212 
VD1120~ VD1223 


FEATURES Silicon Diode Varistor 


@ Suitable for voltage and temperature compensation of B-class for Voltage and 


push-pull amplifier Temperature Compensation of Transistor 


@ Two different out-forms having the same characteristic. @ 


Optional device can be selected in your mounting. 


@ Low cost 


Type A Type B 


RATING AND CHARACTERISIC 


























































































'VD1221 50 30 120 -30 ~ +120 -3.6 | Ip=1.5mA, Ta=25°C 
VD1222 50 30 120 -30 ~ +120 ~3.6 


Forward Voltage 


Ip=1.5mA, Ta=25°C 
Ip=10MA, Ta=25°C 








Forward Voltage 
Power Forward Junction Storage Forward Voltage ae 
Type No. | Dissipation | Current Temperature | Temperature Ve (Vv) (mV/°C) Condition 
P (mW) IF (mA) Tj (°C) Tstg | C) MIN. MAX. TYP. 
1§1209 100 100 90 -30~ +90 069 | -15 | -1.9 | tp=10mA, Ta=25°C 
1$1210 50 60 90 -30~ +90] 056] 061 | -15 | -18 | Ip=1.5mA, Ta=25°C 
| isi2t1 50 60 90 -30~ +90] 059 | 064 | -15 | -18 | Ip=1.5mA, Ta=25°C 
1$1212 50 60 90 -30~ +90 | 062] 067 | -15 | -18 | ip=1.5mA, Ta=25°C 
VD1120 50 60 120 -30 ~ +120 ip=1.5mA, Ta=28°C 
voi2i | 60 | 60 | 120 -30 ~ 4120 -1.5 Ip=1.5mA, Ta= 25°C 
VD1122 50 60 120 ~30 ~ +120 | -1.5 | -18 | Ip=1.5mA, Ta=25°C 
VD1123 100 100 120 -30 ~ +120 -1.5 | -1.9 | Ip=10mA, Ta=25°C 
VD1124 100 100 120 -30 ~ +120 | -1.5 | -1.9 | Ip=1.5mA, Ta=25°C 
vD1210 50 30 90 -30~ +90 | 1.12 Ip=1.5mA, Ta=25°C 
VD1211 50 30 90 -30~ +90 [ 1.18 If=1.5mA, Ta=25°C 
VD1212 50 30 90 ~30~ +90 | 1.24 | 1.34 Ip=1.5mA, Ta=25°C 
VD1213 100 50 90 -30~ +90 | 1.26 | 1.38 if=10mA, Ta=25°C 
VD1220 50 30 120 -30.~ +120 | 1.12 | 1.22 Ip=1.5mA, Ta=25°C 


(Ve (at O°C) - Ve (at 50°C)) (mV) 
-50 (°C) 





Temperature Coefficient ..... : 


4 4 
< < 
O O 
fa) @ 
2 > 


1an 


NEC tectron pevice 


lr (mA) 


F (mA) 


l- —Ve Characteristic 

























































































































































































VD1I124 Ir — Ve Characteristis 
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le (mA) 
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1$1209~1351212,VD112Z20~VD1223 


ae | S55 le — Ve Characteristic 
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NEC ELECTRON DEVICE 


Outline Drawing and Color-cede (Unit : min) 


White 181210 





Yellow | 181211 
181212 





1$1209 





Yellow 











VD1210 
: 








jee 








VD1212 





VD1213 





Body Color 


Cathode Mark Body 


Cathode Color-code 





Notice on Using 


Solder dip should be done according to the conditions below mentioned. 


Body Color 


| | ipping extent Limit [Solder Temp. 
ee 


TypeA More than 10 mm from. . 
(Double end) the base of electrode 


Type B More than 1.6 .mm from es i 
(Single end) the base of electrode cs 








VD1220 





VD1221 





VWD1222 
Ls 





Cathode Color-code 





VD1223 





Dipping Time 


‘Within 5 seconds 


Viithin seconds 








NEC PNPN SWITCH 
ELECTRON DEVICE NFD1 E 


The NFD15 is a unilateral switch consist of PNPN structure. 
Fundamental characteristic is same to SCR without gate lead. OUTLINE DRAWING (Unit : mm) 


#5.2MAX. 


FEATURES 
@ Break over voltage Vgo =96 to 152V 


@ Small break over current (Negative resistance characteristic). 





@ Plastic TO-92 package. 0.65" MAX. 
® Shortest turn on time. 0.40 MIN 
@ Low cost because of mass-production. 

APPLICATIONS 
®@ Gas, Oil ignitor. 
®@ Fluorescent lamp starter. 1. Anode 
@ Various pulse generator. . re 


MAXIMUM RATINGS (Ta= 25°C) 





Item Symbo! 











10 (Pulse Width = 100us, duty =0.1%, Ta = 50°C) 
50 (Pulse Width = 20us, duty =0.1%, Ta=50°C) 





Repetitive Peak 
Anode Current 





ITRM 











Non Repetitive Peak 
Anode Current 





70 (Pulse Width = 10us, Ta = 50°C) 


















Rate of rise of On 
State Current 


On State Current IT(AV) 
Operating Temperature 
Storage Temperature 





20 Alus 












0.25 
—20 to +80 
—40 to +125 
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NFD15 NEC ttectaon vevice 


ELECTRICAL CHARACTERISTICS (Unless Otherwise Specified) 


Characteristics 
Item Symbol 3 Unit 
ee a eee Min. Max. ee 
| Breakover Current Current 


Repetitive Peak-off 


On State | On State Voltage 






Test Condition 
Ta=25°C 

















Breakover Ren Yo 











Peak On State Voltage 





a ee 
Typical 20 








Holding Current 









Breakover Voltage 
Temperature Coefficiency 





Typical +0.1 











Fundamental Characteristic 


Forward 





Reverse 


Continuous Electric Discharge Type Gas Ignition Circuit 


1.5V Battery 








28€2001 Blocking oscillation Ignition 
transformer transformer 
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NEC SURGE SUPPRESSOR 
METAL OXIDE VARISTOR 


ELECTRON DEVICE NEC-MOV SERIES 


(LOW VOLTAGE SERIES) 


NVO22D05 ~NVO82D05 
NVO22D07 ~NVO82D07 
NVO22D10~NVO68D10 
NVO22D14~NVO0O68D14 


The NEC-MOV series are the best device for transient voltage 
protection. When exposed to high transient voltage the 
NEC-MOV’'s impedance changes from a very high value to a 
very low conducting value thus clamping the transient voltage 
to a safe level. Therefore NEC-MOV protects many electric 
equipment from surge voltage and keep a safe drive. 


{ 
FEATURES ; | 
@ Excellent transient voltage suppression characteristics. : | 
@ High surge current. | 
@ Fast response time. (< 50 ns) 
@ V\V-\ characteristics are the same in both polarity. 











APPLICATIONS 
@ Protects equipment against failures by transient surge 
voltage. 


Transient Voltage Clipped Voltage (By NV033D14) 


Voitage 
Voltage 





— time (20us/DIV.) — time (200us/DIV.) 


NEC-MOV SERIES NEC asctrow vevice 


Outline Drawing (Unit : mm) 


Type Number Type Number 
cca | 
NV022D05 . ; : NV022D07 

















NV027D05 : : : NV027D07 
NV033D05 : : . NV033D07 
NV039D05 ; ‘ 4 NV039D07 
NV047D05 : : F , NV047D07 
NVO056D05 ; j : NVO56D07 
NVO68D05 ; : : NV068D07 
+ ee 
NV082D05 i : ; NV082D07 










































































Type Number Type Number |Dwax. 
NV022D10 : . NV022D14 | 16.0 
NV027D10 : : NV027D14 16.0 
NV033D10 . . NV033D14 
NV039D10 . . i : NV039D14 
NV047D10 : NV047D14 
NV056D10 : NV056D14 


NV068D10 . NV068D14 
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INE ELECTRON DEVICE 


NEC-MOV SERIES 


RATINGS AND CHARACTERISTICS (NV022D05 ~ NV082D05) 


Varistor Maximum Clamping Enaiay 
Voltage Allowable Voltage Voltage 


tin itance 
Peak Cpere ee Storage Capacite 
Ambient (reference 
Temperature 


Current 
Temperature value) 


Type Number 





VO0.1mA 
(Vv) 


Nvoz2005_ | _-20~27 
NVvo27D05 25 ~ 32 
NV033D05 30 ~ 39 
eee is Lee 4 —40 ~ 125| 300 ~ 3000 
NV047D05 45 ~ 54 . | 

NVO56D05 52 ~ 62 
NV068D05 
NV082D05 


8x20 us 1k~1 MHz 
(A) (pF) 


















































Fig. 1 V-I Characteristics 


|| Maximum Clamping Voltage 
it ial 
ie 



































































































































Voltage (V) 





































































































103 










































































































































































Current (A) 
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NEC-MOV SERIES NEC aecrnon vevice 


RATINGS AND CHARACTERISTICS (NV022D07 ~ NV082D07) 


Varistor Maximum Clamping Peak Opereung Capacitance 


Ener Ambient Storage (reference 
Voltage Allowable Voltage Voltage ay Current Temperature 
Type Number Temperature value) 
IEE | 
VimA ACrms DC V2.5A 8x20 us Topt Tstg 1k~1 MHz 


(Vv) (v) (v) (V) (J) (A) (°C) (°C) (pF) 








NV022D07 20 ~ 27 14 18 43 09 
NV027D07 | 25~32 7 22 53 








NV033D07 30 ~ 39 20 26 65 
NV039D07 37 ~~ 49 25 31 77 
NV047D07 45 ~ 54 30 38 93 
NVO56D07 52 ~ 62 35 45 110 
NV068D07 60 ~ 76 40 56 


+ 


NV082D07 74 ~ 90 50 65 





-40 ~ 125; 500 ~ 5000 















































































































































Voltage (V) 
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ee aa a A 
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Current (A) 
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NEC sctron oevice NEC-MOV SERIES 


RATINGS AND CHARACTERISTICS (NV022D10 ~ NV068D10) 


Operating 


. : : Capacitance 
Varistor Maximum Clampin Peak 
ping é Ambient Storage 


ference 
Voltage Allowable Voltage Volta Current Temperature irs 
Type Number = Temperature . value) 


VimA | Acrms | DC V5A 8x20 us Topt Tstg  |1k~1 MHz 





(Vv) (Vv) (v) (Vv) (A) (°C) (°C) (pF) 
NV022D10 [| 20~27 14 18 43 
NV027D10 a 25 ~ 32 17 | 22 ie. 53 
NV033D10 30 ~ 39 20 26 
NV039D10 2 . —40 ~ 125 |1000 ~ 5000 


NV047D10 45 ~ 64 
NV056010 52 ~ 62 
NV068D 10 60 ~ 76 



















































eee Maximum iSssivhoi Current Hil 
rttt——+- +} te 


CU Moumum Clamping Motoge SCT 
TREEAIIIIGEMRIITiMERRLINiGEREIIIIBRAAII 
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NEC-MOV SERIES 


RATINGS AND CHARACTERISTICS (NV022D14 ~ NV068D14) 


Type Number 


— 


Varistor 
Voltage 


Maximum 
Allowable Voltage 


Clamping 
Voltage 


Peak 
Current 


NEC azcrron vevice 


Operating 
Ambient 
Temperature 


Storage 


Temperature 


Capacitance 
(reference 
value) 





VimA 
(Vv) 


(Vv) 


ACrms DC 


(v) 


V10A 
(Vv) 


8x20 us 
(A) 


Topt 
(°C) 


Tstg 
(°C) 


1k~1 MHz 
(pF} 





NV022D14 


20 ~ 27 


14 18 





43 





NV027D14 


25 ~ 32 





NV033D14 


30 ~ 39 


+ 


17 22 





53 





—~—;—--—-— + 


20 26 





NV039D14 


37 ~ 47 


25 31 











NV047D14 


45 ~ 54 


a 


30 38 





NV056D14 


52 ~ 62 


35 45 





NV068D14 





60 ~ 76 





40 56 




















—40 ~ 125 
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NEC aecrnon vevice NEC-MOV SERIES 


Fig. 6 Peak Current-Pulse Width Rating (Impulse Number N=2) 
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Pulse Width tr (S) 
Fig. 7 Derating Curve ex. 14¢ Series 
Pulse width t7=200 us Impulse number N=104 
I (at t7=200 us) =100 A (See Fig. 6) 
Derating (at N=10*)=0.1 (See Fig. 7) 
Allowable current I= 100x2x0.1 = 20A 
N 
x 
5|2 
5s 
Ole 
Oly 
ae | 
se 
As 
|< 
ry 
a 
— 
a0 
& 
4 
® 
(a) 
10° 10! 10? 103 104 
Surge Impulse Number N 
NOTICE 


@ Applied voltage should not be over the maximum ratings. 


@ Should the NEC-MOV be subjected to surge current and energy levels in excess of maximum ratings, it may physically fail 
by package rupture or explosion of material. It is recommended that protective fusing be used in a circuit. 
@ When the NEC-MOV are used in a high frequency circuit, notice it’s Capacitance and avoid to fever. 
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NEC —=—=—_ nc SRGE SurrREsenn 
NEC- MOV SERIES 


NV100D05 ~NV470D05 
NV100D07 ~NV470D07 
NVO82D10~NV910D10 
NVO082D14~NV910D14 
NV100D19~NV910D19 


The NEC-MOV series are the best device for transient voltage 
protection. When exposed to high transient voltage the 
NEC-MOV’s impedance changes from a.very high value to a 
very low conducting value thus clamping the transient voltage 
to a safe level. Therefore NEC-MOV protects many electric 
equipment from surge voltage and keep a safe drive. 


FEATURES 

@ Excellent transient voltage suppression characteristics. 
@ High surge current. 

@ Fast response time. (< 50 ns) 

® \V-I characteristics are the same in both polarity. 








APPLICATIONS 
@ Protects equipment against failures by transient surge 
voltage. 
Transient Voltage Clipped Voltage (By NV240D14) 
1750 1750 " 
1500 1500 
1250 1250 
= 1000 = 1000 
2 o 
& 750 & 750 
$s $ 
500 500 
250 250 
0 0 
— time (20us/DIV.) — time (50us/DIV.) 
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NEC-MOV SERIES 


Outline Drawing (Unit : mm) 


Type Nombe BWA [Hm TAD 
Fwviooene [7.0 | 


7.0 
NV150D05 
, 
avez [70 | v0 | 


NV240D05 





Type Number] O(Max.)| H(MAX,)| TIMAX) 


12.0 43 
5 





nv120007 | 90 | 
nv200007 | 90 | 120 | 50 





wwe [90 | wo | so | va | 


NV240007 


NV270D05 
NV360D05 


7.0 
7.0 





75 





NV390D05 
NV430D05 





75 








O(MAX.) 








Type Number 
NV082D10 


NV100010 


12.0 
12.0 


35 | 13 
150] 43 [1a 





NV120D10 


12.0 


150 | 43 [15 _| 


NV270007 


12.0 











<a 
<= 
NV360D07 

eae 
NV4300D07 | 9s | 
poe eel 


NV082014 16.0 21.0 


53 
12.5 6.0 
12.5 6. 


| Type Number | Dimax.) H(MAX.) | TIMAX.) 


0 
5 
5 











NV100014 16.0 21.0 
NV120014 16.0 21.0 





NV150D10 


NV200010 
NV220010 
NvV240010 
NV270010 
NV360D010 12.5 


NV390010 12.5 
NV430010 12.5 


NV470010 12.5 
NV620D10 


NV680D10 











NV750010 





Pavatop10 | 12.5_| 





W 
Nvi00D19 | 20.0 | 25.0 | 
Nv120019 | 20.0 | 250 | 
| Nvi50019 | 20.0 | 25.0 | 
| Nv200019 | 20.0 | 25.0 | 
| Nv220019 | 200 | 250. | 
| Nv2a0019 | 20.0 | 25.0 | 
| Nv270019 | 20.0 | 25.0 | 
| Nv360019: | 21.0 | 26.0 | 
| Nv390019 | 21.0 | 26.0 | 
| 210 | 260 | 

|_ 21.0 | 260 | 

| 260 | 

| 26.0 | 

| 26.0 | 

| 26.0 | 





79 

Pavezopia | 210 — 
Tnves0019 | 21.0 | 
Pnv760019 | 21.0 | 
Puveob1e | 21.0 _| 
Pxvazoo1a | 240 
Twvaroois | 21.0 _| 














PNv200614 | 16.0 _| 
rnv2a0014 | 16.0] 
Puvaaoora | 165 | 215 | 


3.5 
4.3 
| 43 | 
| Nvisopia | 16.0 | 210 | 45 | 
| 5.0 | 
| $0 | 
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NEC ctron vevice NEC-MOV SERIES 


RATINGS AND CHARACTERISTICS (NV100D05 ~ NV470D05) 


Capacitance 
(reference 


: . ; Operating 
Varistor Maximum Clamping Peak ‘Anabient Storage 


Voltage Allowable Voltage Voltage Current Temperature 


Temperature value) 


Type Number 


. NV100D05 100 
NV150D05 150 
NV200D05 200 
NV220D05 ) 
NV240D05 —40~125 | 40~150 
NV360D05 360 


NV390D05 390 
NV430D05 430 


NV470D05 470 


1k~1 MHz 
(pF) 






























































Fig. 1 V-1 Characteristics 
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Current I [TU] Maximum Clamping Voltage | | | aT | ETT 
pi om tt 


eet 
| tt 
! 











































































































= meu TT 
fe 
ii aul 
im Ht 

















Voltage (V) 
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NEC-MOV SERIES NEC sctron pevice 


RATINGS AND CHARACTERISTICS (NV100D07 ~ NV470D07) 


Operating Capacitance 


Varistor Maximum Clamping Peak ArAbieni Storage ireference 


Voltage oltage Voltage Current Temperature 
RANEY QH89 7 Temperature e value) 


Type Number 





NV100D007 


NV120007 
NV150D07 
NV200007 
NV220D07 
NV240007 70 ~ 250 
NV270D07 
NV360D07 
NV390D07 
NV430D07 
NV470D07 



























































Fig. 2 V-I Characteristics 
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RATINGS AND CHARACTERISTICS (NV082D10 ~ NV910D10) 


NEC-MOV SERIES 


































































































Varistor Maximum Clamping Peak Operating Storage Capacitanies 
i Energy Ambient (reference 
Voltage Allowable Voltage | Voltage Current Temperature 
Temperature value) 
Type Number emer | 
VimA 
(+10%) ACrms DC V25A (J) 8x20 us Topt Tstg 1k~1 MHz 
“W) (v) (v) (v) (A) (°C) (°C) (pF) 
NV082D10 82 50 65 135 8 
NV100D10 100 60 85 165 10 
NV120D10 120 75 100 200_~—sS! 12 
— 
NV150D10 150 95 125 250 16 
NV200D10 200 130 170 340 | 20 
NV220D10 220 140 180 360 23 
NV240D10 | 240 150 200 395 i 25 
NV270D10 270 175 225 455 30 
t 
NV360D10 360 230 300 595 \ 35 
NV390D10 390 250 320 650 ] 40 1250 —~40~85 | —40~125 | 250~800 
T 
NV430D10 430 275 350 710 45 
ae Looe 
NV470D10 470 300 385 775 | 45 
NV620D010 620 385 505 1025 45 
NV680D10 680 420 560 1120 Yd 45 
ef a See +— 
NV750010 750 460 615 1240 50 
NV780D10 780 485 640 50 
NV820D10 820 510 670 1355 55 
NV910D10 910 550 745 | 1500 60 


Fig. 3 V-I Characteristics 
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NEC-MOV SERIES 


RATINGS AND CHARACTERISTICS (NV082D14 ~ NV910D14) 


Type Number 


NV082D14 
NV100014 
NV150014 
NV200D14 


Varistor 
Voltage 


(£10%) 
(Vv) 


Maximum 
Allowable Voltage 


VimA 


ACrms 
(v) 


DC 
(Vv) 


Clamping 
Voltage 





V50A 
(Vv) 





50 65 





+ 


60 85 


135 





75 





NV220D14 





NV240D 14 











NV270D14 
NV390D14 
NV430D14 
NV470014 
NVv620D14 




















NV680D14 
NV750014 
NV780D14 





NV820D14 
NV910D14 























Peak 
Current 


8x20 us 
(A) 


Operating 
Ambient 
Temperature 











Storage 
Temperature 


Capacitance 
(reference 
value) 





—40 ~ 125 
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tk ~1 MHz 
(pF) 


100 ~ 1000 





NEC secrron oevice 


RATINGS AND CHARACTERISTICS (NV100D19 ~ NV910D19) 


Type Number 


NV100D19 
NV120D19 
NV150D19 


NV200D19 


NV220D19 


Varistor 


Voltage 


VimA 
(£10%) 
(Vv) 


Maximum 


Allowable Voltage 


Clamping 


Peak 
Current 


NEC-MOV SERIES 


Operating 
Ambient 
| Temperature 


Storage 
Temperature 


Capacitance 
(reference 
value) 





ACrms 


(Vv) 








8x20 us 
(A) 











NV240019 
NV270D19 
NV360D19 
NV390D19 
NV430D19 
NV470D19 
NV620D19 
NV680019 




















NV750D19 
NV780D19 





NV820019 
NV910D19 





Voltage (V) 








1a 





Fig. 5 V-l Characteristics 
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Current (A) 
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1k~1 MHz 
(pF) 


300 ~ 2000 





NEC-MOV SERIES NEC aectron vevice 


Fig. 6 Peak Current-Pulse Width Rating (Impulse Number N=2) 
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10z 50 00u 5004 lm m 10m 
Pulse Width ty (S) 
Fig. 7 Derating Curve ex. 140 Series 


Pulse width ty=200 us, Impulse number N= 104 
I (at ty =200 us) =250A (See Fig. 6) 

Derating (at N=104)=0.2 (See Fig. 7) 
Allowable current 1=250x2x0.2=100A 














Allowable Current 
Peak Current Rating x 2 
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Surge Impulse Number N 


NOTICE 

@ Applied voltage should not be over the maximum ratings. 

@ Should the NEC-MOV be subjected to surge current and energy levels in excess of maximum ratings, it may physically fail 
by package rupture or explosion of material. It is recommended that protective fusing be used in a circuit. 

@ When the NEC-MOV are used in a high frequency circuit, notice it’s capacitance and avoid to fever. 
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Photo Coupler Cross Reference 


Photo Couplers 


Maximum Ratings | Maximam Ratings (Ta=25°C) | Electrical Characteristics 
Mana- Remarks 
ae factu- I Vv T v Classification 
F CE OPT 1-2 a — (CTR) 
mA caw Vv ay Lo} (kV. . 
(mA) i ) (Vv) te y 7 CC) DC) (%) (us) 
can +100 


*PS2001B 6DIP 











* PS 2008B ut 





*PS2002B 





¥*PS2003B 





*PS2009B 





*12 250°} 


1300 


1, NEC will change type numbers 
from PS2001-PS2009 to PS2001B-PS2009B 
in June 1979. 

2. PS2001A-PS2005A will not be changed. 
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1) Photo Transistor Output 


Maximum Ratings (Ta=25°C) Electrical Characteristics 
Type 
Min, Typ. 
(mA Vv °C v 
) (v) (Pc) | Ve) | “gy | qe) 
oa | >| 
B 


Io 
4N25A ps2001B| rel 
(V_>) 


" " W 











« tioot? " B 


1,,CTR) 
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oMAX?| 100°! | pszocaB}r( 














AN29A " « |pszooan FCTR) pg | 
lv.) 

| yo | » | 4 [pszoogp} Bi 
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n [ »  ipseooap} | By 

+” ee 

eee aos a fs AE 


























pee TD | 
4N32A PS2004B I(1,,CTR! B 
V,-2) 
: } junder 
ste 50°! | NONE 'develope~ a 
10MAX (eneut 
'ps2001B:1. (V, _,) | 
" wf i ee ae 
joo [Pf foe fn eae cea i 
4 
es » }P82001B:, Case 
; (K) | F 
sot? | none [ertg(CTR } 
Vj .2) ; 
ses ae eee ES : meni = sama % 
TO-5 B 
(6PIN) 


w 


Vag CTR 
PS1001 ze ) | 
(pig) 

PS1001 " 
NONE : | 
NONE - ‘ 


ara 











; f 






Maximum Ratings (Ta=25°C) Electrical Characteristics 
btding I 
° Vv F . ° 
(mA) ae me (°C) (k el (%) (us) 


tomo 






Remarks 
): advantage 






*) 
=o 

*) 
pon fet] 


Direct Replacement 
Minor Electrical Difference 
Significant Electrical Difference 













Remarkea 
}: advantage 


PS2001B) 
(L, K) Cc 


1-2) 








Maximum Ratings (Ta=25°C) Electrical Characteristics 
I 
Ip | Po | Voce | I¢ |Topr| Vi-z hg ee 
Ww °. < : 
(mA) | (mW) |] (V) (mA) (°C) (kVpc) (%) (us) (nA) 
H11A1 GE, 6DIP 150 0 -55- 
H11A2 " 



























H1L1A10 
















| 





H11A520 NONE | High V,_ 





+—— 


H11A55¢q 


















HIIA5! 








ps2004B| 1c’ = 
PS2004B/ 1,4 (V,_ > 




























H11B255 














Cc 
TTLUsage 
Dual 
Diodes 


eK i 


15 
(1. 06RMS) 


HZ11A2| ° " 











































Type 
Eleaee 


H211B1 12DIP 
um | = [I 


Maximum Ratings (Ta=25°C) 


Ip Pc VCE Ic TOPT 
(mA) | (mW) | (Vv) (mA) | (°C) 


| Etectrical Characteristicn Characteristics 


Phas “= 
ae sa 

kV. 

&Vpc) | (%) | qs) pre 

* eK 

7 tr 








Remarks 
): advantage|* 


























*3 





kK 
_ 100 ~ {10 (ton) 


= 40k 
80 s 











* #% + 
100 ; 10 (tonf 100 
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a /a 
Oo |p 
n |X 

N 
= ° 











Maximum Ratings (Ta=25°C) Electrical } electrical Characteristicn | 
Type 
No. PKG. ie Ic Topr Vie 2 ey Ps tf Nee ): advantage 
e ak oC KV in, ax 
(ma) | (mW) (ma) 7 Oc) | {&V¥pc) | im, ea) 
TO-5 
T1L102 | TI ie 300 | 35 55-125 thd 100°? | psio01 | Vcr’ CTR 
(1) 
' ” *3 
ores fede 18 . 100 "| NONE p i 
PS2001B] 1... (V|_» 
CTR) 
tS 
15 12.34 |smax!| sot! 
20053] (I, ), CTR 
PS2001B] L corm] | 
*4 F 
2.5 12.5 ; 
PS2005B| (I,)CTR 








_ 
we 
Oo 
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= | aa a 
as ag 
— ae) 


cee ce 


= Bags 


TIL119 
TIL107 
TIL108 
TIXL113 
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CROSS-REFERENCE GUIDE FOR NEC HIGH SPEED SWITCHING POWER TRANSISTORS 
PART—I (U.S.A. TYPE) 


: ELECTRICAL CHARACTERISTICS (Ta=25°C) 
Tvee. MANUFAC. MAXIMUM RATINGS (Ta=25°C) (Ta sce 
NO. |TURERS PT(w) VceolV) [hFE MIN. MAX. SAT] SW-time (us) MAX.] fT(MHz)| type No. 
(Tc=25'C) (VcECVI/IC(A))| RES. (2) MIN. 


3 A 4 A NTC1i860 


Saneienseaear A Im 
1.0 
Th N| 3] (Ta=25°c)| 3.0 60 : 12 40 |NTC1860 
1,0 fe 
20 (2/1) ; 1.2 40 | NTC1860 
4 


me 
1.2 40 lieve 























NTC1866 











NTCI866 








NTCI869 








NTC1869 


1.0 . | NTC1860 





NTCI865 


NTCI866 
A ena 


NTC1866 








VcEO(SUS) 


20 90 20(5/10) . - . NTC1869 








NTC1869 





tr tetg 
03 #35 1.2 NTCI864 











NTCI864 














40 25(5/0.75) . . . lnbreiaa 


tg 











NTCI868 


























PACKAGE (JEDEC) * Lower hee 
1:TO-3 t: typical 
2:TO-66 7 


3:TO-5 or TO-39 


























ae 


z 
MANUFAC-| 5 

3] ¥ | prow) Vceotv) | hee MIN. MAX. SAT | SW-time (us). MAX, fT(MHz) ’ 
sheet] vec Pen a Ss eyo 


MAXIMUM RATINGS(Ta=28°C) ELECTRICAL CHARACTERISTICS (Ta=25°C} 
TYPE NO. 





2N5661 


ty 4 
20(2/15)} .| 50m 05 #415 O88 NTCI870 
spc 
2N5869 | STC 20(4/1.5) ‘NTC1866 
Ti 
spc 
stc NTA9Q59 
TH 
ae | T a | 





iJ 
a 
-_ 
a 
Qo 
a 


x 
m 
P] 





O5t 35t 2.0t 15 NTC1868 












Ost 3.5t 2.0t 15 NTCi868 


5.0 | NTC1868 


eae 
NTC1868 









2N5839 15 637 15 5.0 


giz) ei2| 3 gizilz|zi gi] 2 
Bi e/8) 8] 8 g g| 8 g 3 
8 &/ &j] 8 S 8 


15 5.0 




















> 
°o 


10: 08 


07 10 08 
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z 
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nN 
a 
233 


an 
a3 
poe 
i 


NTAS59 


: 0.7 10. 08 
Tu 


0. 


4nn 
=d3 


[pee o 





o 
Zz 
3 
3 
8 


10° 0. 





PACKAGE (JEDEC) ‘ * Lower hFE 
1:TO-3 : #eees Shorter SW time 
2:T0-66 ; . tT typical 


3:TO-5 or TO-39 


TYPE 
NO, 


MAXIMUM RATINGS(Ta=25°C) 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 








MAX. SAT 
RES. (2) 


t; 
0.7 


thtg 
1.0 


tf 
08 


SW-time (us) MAX.]fT(MHz)| TYPE NO. 
MIN. 


4.0 


NEC 


NTC 1869 





facil 
07° #10 O08 4.0 | NTC1869 








0.7 








1,0 


—— 





0.8 


i 


40 


NTA959 


NTC 1869 


+— 





NTC1869 





2N5882 
2N5883 


20(4/10) 





20(4/10) 





‘nee 
NTAQ59 


NTAQ959 


NTC 1869 








20(4/10) 


1.0 


4.0 


a 


NTCi869 








20(1.5/5) 


1.4 


0.5 


+— 


4.0 


| 
NTC1869 











15(1.5/5) 


1.4 


0.5 


4.0 | NTC1869 








1.4 


0.5 


——— 


aif 


4.0 


NTC1869 





1.4 


0.5 


40 


“NTC1869 


ma 





10 


NTA1010 





2N6109 


NTA1010 








2N6111 





NTA1010 





2N6233 





2N6234 





2N6232 





NTC1864 


——+ 





NTC1865 


NTC1860 





2N6235 


VcEO(sUsS) 
2 


10(3/10) 





Se a aly 
NTC1865 


NTC1870 


NTC1871A 





NTCI871A 




















PACKAGE (JEDEC) 
1:TO-3 
2:TO-66 
4:TO-220AB 








NTC2334 











* Lower hre 





MANUFAC-| 5: MAXIMUM RATINGS(Ta=25 “C) ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
TURERS PTW) | Ic(pc)(A) | Voeo(v) {hee MIN, MAX. SAT | SW-time (us) MAX. 
KTo=25°C) VCE(V)/IC(A)} RES. (2) 


NTC2334 





- NTC2334 
ty tstg tf = 


06 16 0.4 . NTC1868 








2N6545 














NTC1863 








NTC 1863 


4. 
MOTA 7 ; . A d 40 | - 
MOTA ‘ . .! J 40 
| aves | MOTA R 1.0 0.25 40 |. NTC1869 
: . 1.0 0.25 40 NTC1869 


—j—_—-_} 


10 0.25 40 | NTC1870 























10 0.25 40 z emenees 








fo = 
1.0 0.25 40 | NTAQSO 








a 


10 0.25 40 NTAQS59 
—t + 


0.25 40 | NTA959 











NTC2333 





+ 
NTA1008 if 





NTC2334 





NTC2334 








NTC2334 


NTA1010 


5 } NTA1010 








+ 


80 5 baat 010 
res es 




















VcEO(sUS) 
130 60 | NTC1870 




















PACKAGE (JEDEC) * Lower hFEe 
1:TO-3 
2:T0-66 
4:TO-220AB 


10 










SE SSS 


arin 


TYPE |MANUFAC- 
NO. TURERS 











MAXIMUM | MAXIMUM RATINGS(Te=26°C) | 








VCEO(SUS! 

2N6500 110 10(12/4) 
VCEO(SUS) 

MOTA 5.0 300 12(2/1.5) 


10(2/4) 


10(3/4) 


12(2/1.5) 








ELECTRICAL CHARACTERISTICS (Te=25° 


7) 
Vceo(v) | hee MIN. MAX, SAT | SW-time (us) MAX, NOTE 
3] Elrentrey “OM | Voto [eis Mictan| meat 
ees 


1.50.2 5.0 1.5 


1.50.2 5.0 1.5 














NTC1868 











3.0 | NTC1868 





i 








150.2 5.0 1.5 









NTC1868 































2N6547 


































2N6574 
2N6575 | 


2N6580 





5(5/10) 





NTCA871A 





NTC1866 












2N6544 





0.9 0.16 









2N6545 












5(5/10) 





ss ae 


0.9 0.15 





— 






NTC1868 











7(3/5) 


eae 
0.5 0.05 2.0 0.5 
+ 


300m 


















25 NTCI871A 








7(3/5) 





0.5 0.05 

















NTC1871A 








7(3/5) 


300m 0.5 0.05 2.0 0.5 












25 NTC1871A 








2N6581 
2N6582 
| 


2N6594 






TRW 
TRW.- 
TRW 

RW 





= 
°o 
+ 
> 





2N6669 


PACKAGE (JEDEC) 
1:T0-3 
2:T0-66 


7(3/7) 


Vceotsus) 
400 7(3/7) 








18(3/4) 













VcEo(sus) 
450 7(3/7) 214m 
es | 






0.5 0.05 





0.5 0.05 






0.5 0.05 2.0 0.5 





}—- 






NTCI871A 





NTC1871A 


25 | NTC1871A 

















1.6 05 5.0 1.5 





NTAQ59 













20(2/5) 


11 


0.3 0.056 0.5 0.5 






















NTC 2334 


* Lower hee 
Tt: typical 





aT RATINGS | MAXIMUM RATINGS (Te=25°C) | ELECTRICAL areata tlanidd ICS (Ta=25°C) 
Nor eri VceolV) | hee MIN, Fy(MHz) 1VPE? NO, 
saa la rer etvivician| Resin) |e Oe MAX] Tt 
Vceoisus) 
2N6671 300 06 0.1 2.8 0.4 
Vceo(sus) 
2N6672 360 0.6 0.1 2.6 04 
VcEoisus) 
400 0.56 0.1 25 0.4 
Vceotsus) 
300 0601 25 05 
Vceoisus) 
2N6675 400 8(2/10) 06 0.1 25 05 
VceOtsus) 
2N6676 300 0.6 0.1 2.6 06 
Vceotsus) 
2N6677 3650 06 0.1 2.5 056 
oe 
2N6678 06 0.1 25 05 


be i 
| a0 | mo fen =e NTC1870 Peo 
‘stg 


NTC1870 


3 


| NTC1870 


z NTC1870 


| NTC1870 


i 


16(5/10) . f a )| NTC1870 
—}__ 
10(5/20) ; , , ‘ NTC1870 


ape 


20(5/5) . : . NTC1870 
} 


15(5/10) J : al NTC1871A| * 


~~ 
10(5/20) . . J NTCI871A/ * 
20(5/5) . F : NTCI871A/ * 



























































10(5/20) 








20(5/5) 











‘| 15(5/10) 























PACKAGE (JEDEC) 
1:T0-3 





12 




















MAX. SAT 
RES. (9) 









MAXIMUM RATING | MAXIMUM RATING (Te=26°C) | Cc) ELECTRICAL CHARACTERISTICS (Ta=25°C) 


glade ,|'e(oerta) Veeotv) | bre MIN. 
{Tc=25 (Ve El(V)/tcfA)) 


SW-time (us) MAX. 





NEC 
TYPE NO. 





NOTE 


NTC1871A| * 








NTC1871A 
te 





NTC1871A 


NTC1871A 





20(5/5) 





200m 





NTC1871A 














15(5/10) 






125m 





i 


NTC1871A| * 





























10(5/20) 87m [ee 1.5 1.0 25 NTC1871A 
15(4/15) 66m | 0.5 i 


1.5 1.0 NTC1869 
a Bo 






















MJ7161 











80m | 0.7 










































MJ7260 





MJ7261 MOTA 























15(4/10) 10 08 NTC1869 
15(4/8) 100m Ez 2.0 1.8 1.0 Peer 
25(5/3) 333m |ton tstg tf 30 NTc1868 | * 
02 2.0 03 | i 
25(5/3) 333m |0.2 2.0 0.3 30 NTc1868 | * 
a 
25(5/5) 200m {0.2 2.0 03 30 | NTC1871A| * 
N/1 25(5/5) 200m |0.2 2.0 0.3 30 NTC1871A| * 














MJE340 MOTA N 


30(10/50m) 






+ 


NT340 













































<4) 
















































































































RCA411 


TA8427B 

























































































PACKAGE (JEDEC) 


1: TO-3 


4: TO-220AB 


Vceo(sus) 
300 


5: TO-126 






13 


10(5/2.5) 


Vceo(sus) 
[oo [= a pees cc 





0.35 


0.35 





ot 
0.15 


— 
2.5 






1.4 NTC1868 


MJE350 30(10/50m) | NT350 
tr td tstg tt ie 
MJE13008 8(5/2) S00m:| | oe 4 NTC2335 | Voey-go0y 
‘ie Oe 
a 
MJE13006 8(5/2) 500m |1.0 0.1 3.0 0.7 4 | ieesss Vocweaey 
- 
MJE13007 8(5/5) 200m | 1.0 0.1 3.0 0.7 4 NTC2335 | ** 
_| Ycev:600v 
* 
MJE13008 8(5/5) 200m | 1.0 0.1 3.0 0.7 4 NTc2335 | ** 
VCEV:700V 
t t. 
PTC174RT 20(2/4) = 65 ; ‘ 2.0t | 2SA959 
= —\— 
PTC175RT AL 20(2/4) = 0.7 1.1 2.0t NTC1869 
RCA410 VCEOISUS)| — 49(5/2.5) 800m re tstg tf 4.0 | NTC1867 
200 : 0.35 1.4 0.15 


1.4 0.15 4.0 NTC1868 








NTA959 
NTAQ59 












* Lower hee 
t: typical 










MANUFAC- 
TURERS 






TYPE 
NO. 
TA8427C 


z MAXIMUM RATINGS(Ta=25°C) 
a 

S13) Priw) | tc(Dcy(a) 

2 (Tco=26°C) 


VcEo(sus) 
15 70 




























VcEO(suS) 
50 


VcEO(sus) 
60 


VcEO(SsuUS) 
70 


7m 
67m 





210m 


VcEeo(sus) 
350 


















TA8767C | RCA N/1 











om [of 
om [om 
mo [ms 
me fom 





Vceoisus) 








CEO(SUS) 


150 10 400 : : : i 
VcEO(sus) 
RCS564 SPC N/ 1] 175 () 200 5(3/10) 8.0t | NTC1870 
VJ 
25 .0 250 . i . 


12(5/3) 180m 





ELECTRICAL CHARACTERISTICS (Te=25 °C) goa 
VcEo(v) |hee MIN. MAX. SAT | SW-time (us) MAX. |fT(MHz)| TypE NO. 
5 (VcE(V)/IC(AN| RES. (2) MIN. 
20(2/20) 100m 10 20 10 4.0 
10 20 1.0 4.0 | NTCI869 | * 
67m © 10 20 1.0 4.0 | NTCI869 | * 

10 20 1.0 4.0 






















NTC1871A 


NTCI8B71A 











150m 0.55t 1.0t 0.35t 


c stg | 
180m O0.55f 1.0t 0.35t 





80m | 08st or oats 


15 


125 














DTS516 DEL 125 
OTS517 DEL 


















oTs519 | DEL 

PPC 
s077731 | ssi 1 

soD 

PPC 
$DT7732 | ssi 

soD 

PPC 
$D77733 | ssi 

SOD 






PPC 
$D77734 | ssi 

SOD 

PPC 
SDT7735 | SS! 

soD 








PACKAGE (JEDEC) 


1: TO-3 





|e | fe | 


VcEOIsUS) 

250 15(5/3) 600m 
VcEO(suUS) 

250 20(5/3) 


500m 





Vceotsus) 
y=) 20(5/3) 


333m 


VcEeosus) 
275 25(5/3) 


fans | 180m O.S5t 1.0t 0.35t 
VcEo(sus) 
200 30(5/1) 800m 0.25t 0.6t 0.15t NTC1867 













NTCI871A 


~ NTC1867 











NTC1869 


40 Nrciaee 
NTC1869 
NTC1I869 


40 NTCt269 












2.0 
S.0t | NTCI871A 





T 










5.0t | NTCI871A 














VCEOISUS) 
300 25(5/3) 


2015/5) 














14 









5.0t 







5.0t 









5. 





NTC1869 





0 
5.0 | NTC1869 
F R 5.0 


100m 0.4t 0.6t 
100m 0.4t 0.6t 





NTC1869 








5.0 | NTCt869 












NTC1870 





* Lower hre 
t: typical 






MAXIMUM RATINGS(Ta=25°C) Seas CHARACTERISTICS (Ta=25 °C) 


Vv Vv) | hee MIN. SAT } SW-time (us) MAX, fT(MHz) 
CEOW) | Fe viictan| Resta) Mi | ee 


MANUFAC- 
NO. TURERS 
SDT7736 sor 


ay 
@ 

















0.4t . 5.0 | NTC1870 








+~ 





Bz 
83 
=O 







20(5/5) NTC1863 


at 
oO 
[| 2 | POLALITY 










NTC1863 


2 
N 


et 
5.0 










0.6t NTC1863 








8 3/683 
o o~ 
2 2 










2 





0.6t 5.0 | NTC1863 















ssi 0.6t 





5.0 


0.6t 5.0 


NTC 1864 










ae 


B35 


NTC 1864 




















(Ww) 
c#26°C 
7 
7 

















SoD 
tr tstg tf 
118 30(5/2) 214m 05 1.2 0.7 NTC1868 














ton toff 
0.5 2.0 NTC1869 
5.0 jm) NTC1867 
10(5/10) == NTCI871A 
16AJ101 5(5/5) NTC1864 

















ro ce 


16SE101 NTC1867 











f+} 
0.0751 









10(1/1) NTC2331 






















20(1/1) 0.075 NTC2331 











+ + 







20(1/2) 0.5t 0.075 NTC2516 


















10(1/1) 





0.5t 





0.1t 0.075; S0t | NTC2331 
i" 
0.0751) NTC2331 
at 














20(1/1) 





0.5t 









O.1t 


















20(4 /2) 0.5t 0.0751) 50t | NTC2516 














+ 













10(1/1) 





0.5t 





50t )NTC2331 


feed 


0.0751 











20(1/1) O.1t O.5t 0.0754 SOt |NTC2331 

































20(1/2) 0.0754 NTC2516 
PACKAGE (JEDEC) 
1:T0-3 pee 
2:T0-66 peayeicel 
4:T0-220AB 


15 

















MAXIMUM RATINGS(Ta=25 °C) 





ELECTRICAL CHARACTERISTICS (Ta=265 °C) 






















































é 

D44C10 GESI N/ 4] 30 4.0 80 10(1/1) 500m O.1t O.St 0.075t 50t 

D44C11 GESI N] 4| 30 40 80 pmo | som | 0.1t O.6t 0.075t 50t | NTC2331 

acre | cesi | Nn} 4| 30 40 | 80 20(1/2) 500m =| o.1t 0.6t 0.075t| 50t wressioq | 
me f= te [= om fore | =m 
eC a oe ee 
= [=e kl fe eee le 
ne oo ae 
Da4Hi1 fon isto tt | sot [NTC2a94 | + 




















eo en | sam 
[awn 
= [ao 
50 


0.31 O5t 0.14t 


S0t | NTC2333 


50? | NTC2333 


NTC2333 


sot 





1.9t NTC 2333 


tg 
0.6t 


VcEoisus) 
2 


















4.0 
1.0 
1.0 





40t | NTC2333 


aa 75(10/0.5) 3.33 


v sus) 
aan 30(10/0.5) 





3.7t 


40t | NTC2333 








feo | 75(10/0.5) 3.33 3.7t O6T 1.97 40t | NTC2333 
3.33 40t | NTC2333 


Vceo(sus) 
250 30(10/0.5) 
VcEO(sus) 

30(10/0.5) 


3.7t O.6t 1.9T 


40t | NTC2333 








D44T5 











PACKAGE (JEDEC) 


4: TO-220A8 


VcEo(sus) 
250 


40t 





3.7t O6t 1: 
3.7t O6t 1.91 


3.7t O.6t 1.9t 
1.9t NTC2333 


40 


Vv 
160(10/0.5) 
30(10/0.5) 
78(10/0.5) 
30(10/0.5) 


+ | wrcasos | i 


NTC2333 


46t 


45t | NTC2333 





45t | NTC2333 


NTC2333 
NTC2333 


300 Z 


4st 


by id 
a8 
8s 
ae a 
n 
m 





















































































































































> M =25 * =25° 
TYPE |MANUFAC- z 8 AXIMUM RATINGS (Ta=25 °C) ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
NO. S| : : fT(MHz) 
als VCEOV) livceivi/iclAN| RES. (2) | SW-time (us) MAX. yyy, | TYPE NO. 
D44T6 | GESI Nj] 4] 31.2 2.0 300 30(10/0,.5) 3.33 _ 45t |NTC2333 * 
av 
D44T7 | GESt N/ 4] 31.2 2.0 250 150(10/0.5) 2.0 - 45t | NTC2333 bd 
ma al 
D44Ts | GESI N} 4] 31.2 2.0 300 150(10/0.5} 2.0 - 45t (NTC 2333 * 
44 
ton stg tf 
D45C1 | GESI P| 4] 30 4.0 10(1/1) 500m 0.05t 0.5t 0.05t 40t | NTA1008 
4 ft J 
D45C2 | GES! P|} 4] 30 4.0 20(1/1) 500m 0.05t 0.5t 0.05T 40t | NTA1008 
ms ioe laa. 
D45C3 | GES! P| 4) 30 4.0 30 20(1/2) 500m 0.05t O.5t 0.05t 401 | NTA1069 is 
pasos | GES! P| 4! 30 4.0 45 10(1/1) 500m 0.05t 0.5t 0.05t| 40t | NTA1008 
eee Bs 
 owscs | GES! P| 4] 30 4.0 45 20(1/1) 500m 0.05t 0.St 0.05t 40t | NTA1008 
| + —— + + 
D45C6 | GES! P| 4! 30 4.0 45 20(1/2) 500m 0.05t 0.5t 0.05t 40t | NTA1069 * 
4 
D45C7 | GESI P;} 4]! 30 4.0 60 10(1/1) 500m 0.05t O.5t 0.05t 40t | NTA1008 
TT ~~ + 
o45cs | GES! P| 4/ 30 4.0 60 20(1/1) 500m 0.05t 0.5t 0.05t 40+ | NTA1008 
a Poe { am 
D45c9 | GES! P| 4| 30 4.0 60 20(1/2) 500m 0.05t O.S5t 0.05T 40+ | NTA1069 > 
[ag on tstg tf 
10(4/1) 500m 0.05t 0.5t 0.05t 40t | NTA1008 


045H7 


O45H8 


TIP29 


TIP29A] TH 


TIP29B} Til 


TIP29C; Til 


TIP3O j TH 





TIP3OA| Til 


PACKAGE es 
4: TO-220AB 


efa}so | | 20 [aot | ram | o.astost ox | aot |wraroro 


40(1/4) 





500m 0.05t 0.5t 0.05t 40t |NTA1069A, * 


125m 








0.135t 0.5t O.1t 









NTA1010 





0.135t 0.5 


NTA1010 













le t= [= fw 
ie [= [= few 


coe 


ete en 


15(4/1) 




















0.135t 0.5t 


NTA1010 








0.135t0.5t O.1t 


0.135t0.5t 0.1T 


NTA1010 


NTA1010 









0.135t 0.5¢ 0.1t 


NTA1010 


4. 































0.135t O.5t 0.1t 4ot |NTA1010} * 
4 

ton toff 

ack aie 3 |NTC2331 








0.5t 





2.0t 


NTC2331 















0.5t 2.0t 


NTC 2331 












0.5t 2.0t 





+ 


NTC2331 








15(4/1) 


17 











0.3t 1.0t 


+— 


NTA 1008 








700m 















1.0t 











NTA1008 





* Lower hre 


tT: typical 



















TiP30Cc 
TIP31 
mae oie 
TIP31B Pu | 
TIP31C fu 


MAXIMUM RATINGS (Ta=25 °C) 


Pr(W) hee MIN. 








TIP32 | Tit P| 
TIP32A| TH | 
TIP32B jm fp 
TIP32C fru fe 


TIP41A 


Til n 
TIP41B| TH N | so 

wale rhe [# [+ 
waa fle 
rowel Ia 

























15(4/3) 
15(4/3) 


15(4/3) 


15(4/3) 


| 10(10/1) 








Ore ieee 


MAX. SAT 
RES. (2) 





sw. 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


= 
2 


0.3t 


i 


3 1.0t | 3 |itatoss aes 
o6t Yor 3 |NTC2334 
ost ror] 3 |nrcaaas | 
ost om| 2 |raroro 
0.4t 0.7T 3 | NTA1010 
0.4t 0.7t 3 | NTA1010 


-time (us) MAX. 













NTC2334 

































10 | NTC2333 






10 |NTC2333 





TiP4g | Tit 
















NTC2333 








TiPsQg | Til 





PACKAGE (JEDEC} 
4: TO-220AB 





10(10/1) 


10(10/1) 










18 






10 |NTC2333 








* Lower hee 
t: typical 


CROSS-REFERENCE GUIDE FOR NEC HIGH SPEED SWITCHING POWER TRANSISTORS 
PART—2 (EUROPIAN TYPE) 


MAXIMUM RATINGS(Ta=25°C) ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


Prtw) 1 VcEO(V) | hre MIN, MAX. SAT | SW-time (us) MAX.]| fT(MHz) 
(Te=28°C)| CIDCNA) | YoEOW) | re AN otal RES, (9) MIN, 





MANUFAC- 
TURERS 


BDX96 


BDY42 


BOY43 


BDY44 


BDY45 


BDY46 


BDY47 


BDY30 














100 


NTC1866 





20(2/3) 


— 


NTAQ59 








20(2/3) 


NTC1866 





NTASS9 





NTC1866 





20(2/3) 











ALGG N) 1} 95 
N/ 1} 95 


ALGG 


MULB 
NASB 
PHIN 

RTCF 





aut 


+ 


5.0 
eC 
15 


10(2/1) 


N/ 1) 60 


10(2/1) 300 m 


100 m 
100 m 


NTAQ59 





NTC 1868 








2N6544 


NTC1871A ft 


2N6546 





20(2/2) 100 m 


2N6547 





10 


30(5/5) 


70+ | NTC1869 








BDY91 


BDY92 


NO. 


VALG 





VALG 


250 
350 
100 

80 


10 


30(5/5) 


lucisar (> 
70+ | NTC1869 | * 


{ 





19 60 


30(5/5) 





BDY93 


BDY93/ 
01 


BDY94 


VALG 


3.0 











40 


15(5/1) 


NTC1869 








NTC1868 








30t(5/1) 


NTC1868 








BOY94/ 
01 








PACKAGE (JEDEC) 
1:TO-3 





25(5/1) 


8.0T 


NTC 1868 





304(5/1) 


10t wos 








16(5/2) 


-—}- —— 


10t | NTC1868 
|. 





301(5/2) 


19 








10t | NTC1868 











* Lower here 
t: typical 











BDY97 



















BLY47A |TIIB 








1] 100 10 250 


MAXIMUM RATINGS(Ta=25 °C) 





25(5/2) 











30(10/1) 


ELECTRICAL CHARACTERISTICS (Ta=25 


Els “C) 
TYPE MANUFAC. 2 $ P Fi 
T(W) ! Vv hee MIN, MAX. SAT |} SW-time (us) MAX, 
| er fas Heo IDEA} | VCEOWV) HvcE(vi/iciAn| RES. (9) NOTE 


ton tstg = tf 
05 30 O89 
200m : 


0: 





1 
05 35 04 10t | NTC1868 
05 4.0 9 














Ot | NTC1868 
Tt 


10t | NTC1868 






























30(10/1) 



























60(10/1) 















60(10/1) 








NTC1866 














NTC1863 












150 





30(10/1) 













BLY49A 






1 


50 
3.0 150 





30(10/1) 


60(10/1) 


60(10/1) 












NTC1867 






















NTCI864 


NTC1867 


15 | NTC1864 | * 


NTC1860 






NTC1860 








NTC1869 











NTC1I870 















































150 


VcEQO(sus) 





VcEoisus) 

















BUX17A | RCAB N 





250 














PACKAGE (JEDEC) 
1:T0-3 
2:TO-66 
3:T0-5 or TO-39 


VcEO(SUS) 


18(45) 


NTC1870 











NTCI871A 





15(4/3.5) 





NTCI871A 











15(4/2.5) 


20 







240 m 20 25 





8.0 | NTCI868 





20 35 









2.5 | NTC1870 
2.5 NTCt870 a 


* Lower hee 


** Lower Vceoisus) 
+: typical 

















BUX178 


BUX46 


BUX48 


BUX66A 
BUX66C 








MAXIMUM | MAXIMUM RATINGS(Ta=25°C) _ | °c) 


BUX40 











ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


NEC 
Vceotv) |hee MIN. MAX. SAT frie} PENO. | NOTE 


aeeotsus) 
RCAB N 15(3/4) 


z/ 2 
| 2 
Z| > 
@ 
2 






THCF ccc 
THCF 


EERE 


BUX66B | RCAB P 


RCAB 








1 | 250. 


























PACKAGE (JEDEC) 
1:TO-3 


GEOISUS 

) sstara) 
VcEO(sus) 
325 15(4/3) 
oe ll bl 
400 

yoeotsu 

asta 5) 


US) 


gnolsus 

1 s5(3/4) 
VcEo(sus) 
125 


VcEo(sus) 
200 20(2/12) 
VcEO(suS) 
250 20(4/10) 
VcEO(sUS) 
325 20(4/10) 


L ¥CeoIsuUs) 





15(4/10) 


arte 
15(4/7) 
or ava 
20(4/10) 
[i cc 
125 15(4/10) 


"| sara) 


5(5.0/3 | swore | 


10(5/1) 


a CrOtsU us) 
10(5/1) 
ree 
Pp 2.0 "rots /1) - 06 25 O06 20 | - 


21 


on cae 





Pies jwrctarsa] 


8.0 


8.0 


8.0 










NTC1870 


NTC1870 


NTC1870 


NTC1871A 





8.0 








NTC1871A 











266 m 





0.6 










NTC1871A{ #* 








NTC1869 | * 


NTC1869 





NTC1867 








0.6 


20 


wee EO(SUS 
BUX66 | RCAB P sow) o 


sels 








8.0 


8.0 












NTC1867 


NTC1868 


NTC1868 














* Lower hre 


** Lower Vceo(sus). VCEX 











EVPE a z MAXIMUM RATINGS(Ta#=25°C) ELECTRICAL CHARA 
MANU | 2 Priw) 
Ic(DCHA) | Vv v) (bre MIN. MAX. SAT 
NO, |TURERS 3 pal =28'C) (DCH CEO(V) [etecun bag 


VCE EO(SUS 
BUX67 | RCAB  ssi5/1) 











Vceoisus) 
300 








VCEO(SUS) 
350 














PH1IC 
BUX84 RTCF N 
VALG 
BUX97 10(5/1) 
BUX97A | SGAI 

















= fms 
BUY23A | THB 


1 


10 
1 300 
: 2 


250 













00 

















eal ae te 
MULB 62 7.0 100 50(5/1) 
f= fm fm [bof 


SOnOISUs? 
BUX67A | RCAB N|2 18(5/1) 3.0 


tates 






CTERISTICS {Ta=25°C) 


rite 
= = fm 


NTCI868 


NOTE 


e 


$ 








rire 
ena mee) 
rae 
ie | fel 





aie | 


aie | NTC1868 


PACKAGE (JEDEC) * Lower hFE 
Lhe ** Lower VCBO, VcEO 
3:T0-5 or TO-39 t: typical 
4:T0-220AB 


22 




















[ MAXIMUM RATINGS (Te-25 °C) | ELECTRICAL CHARACTERISTICS (Ta=25 “C) 
age manura MAX. SAT ‘TiMbie) ache NOTE 
z 
isi 

BU100 rk 10+ | NTC1868 

od ol 8 CM == fo! 
Se ee eee wrems || 
= CN CC 
jews [scar |ufeleo | ro aw | sum [tem | | - joreas fs 
jeueo] scat [wale [ro [am [wm [tem | | rcs 
me fem [em [one foe [| = ro 





i 








PACKAGE (JEDEC) Hiawar hed 
1:T0-3 : r 
4:T0-220AB t: typical 
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N 


10/40 | NTD412 








2N6283 MOTA 2 10/40 | NTD412 || 
2N6284 10/40 | NTD412 a 











2N6285 2 10/40 NONE 


2N6286 





2N6287 
an es 








2N6294 
SS en 
2N6295 














2N6296 








2N6297 











2N6298 











2N6299 














+ 


2N6300 ie 2 


2N6383 5/10 NTD411 


2N6386 3/3 2 3/6 NTDS60 i 
——-—-----} ~ 
2N6387 60 x | 3/5 2 5/10 NTDS60 rl 


PACKAGE (JEDEC) 
1. TO-3 
2. TO-66 
5. TO-220 
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POLALITY 


a MANU- 
FACTURER 


anes | nce | 








2N6532 











2N6534 RCA N 


2N6535 N 
















2N6537 





BDX33B 












BOX34B 
BDX34C 


BDX83A 
BDX 838 






MAXIMUM RATINGS | MAXIMUM RATINGS (Te=28"C) c) 


ELECTRICAL CHARACTERISTICS (Ta=25 C) 


Priw) VcBo(v) | Yceotv) 
YP 
Te=25° c peel 














free fe] oe 














PACKAGE (JEDEC) 


1. 


TO-3 


2. TO-66 
5. TO-220 












5/10 


5/10 


Ic(Ayy | NO. 
tgimA)} 


TYPE 





NTD560 






NTD560 





3/6 NTD560 






NTD560 





5/10 





NTD409 








3/4 


3/4 





3/3 








2.5 


2.5 


2.5 










NTD409 





NT¥0D409 





3/6 


4/8 









NTD410 


NTO560 
























2.5 3/6 NTB601 
| 3/6 NTB601 





5/10 fee 








80 


25 






5/10 





NTD411 








** Lower Vceg 


















POLALITY 


MAXIMUM RATINGS | MAXIMUM RATINGS (Ta=25°C) | e) ELECTRICAL CHARACTERISTICS (Ta=26°C) 
NEC 
oo cere VCE(sat) TYPE | NOTE 
; Priw) Vesolv) NO. 
TYP. i 
Hiunere MAX.(V) 


ffm pe fe fm el Dew [oe | 
foe em [oem fm feel feelee oe [elem 
pe for ele Pele [= el ele femeleeel 
Ee a 
[eee [= | [eel folie [ni 
fe fom Reem Do Dm ml) [el feel 
oe [eer om fe fm [om fom eels fen el 
foe few ee fom |e feel feel femal 
fe fo etm fo = fe fel el fem el 
fe fom ee fe = elf fl 
colied ERIE EE S a ie a 
pee [ete eT fee oe 
pepe te pefe pele te 
ee few Pe fe De fel feel le 

Sa Sa a 
ee for Pepe fe fel fe 
Pee Be ef Po Peele fre 
pepe fe = [= Peel ef 

me 
cc 


























































PACKAGE (JEDEC) * Lower hee 
1. TO-3 ** Lower Vceg 
6. TO-221 *** Different pin configuration 
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MAXIMUM RATINGS (Ta=25'C) ELECTRICAL CHARACTERISTICS (Ta=25°C) 
NEC 


VCE (sat) TYPE | NOTE 
NO. 


TYPE MANU- 
NO. FACTURER 


POLALITY 
PACKAGE 


NTB601 





NTB601 








NTB601 





NTB601 








1 








NTB601 











NTB601 


oe ees 





NTB601 


cesy |w/s an NTDs60 














D44D4 GESY 


04405 GESY . 2/1 NTDS60 


NTD460 





NTD560 











NTD 560 











NTDS60 








NTB601 








NTB601 
































PACKAGE (JEDEC) * Lower hee 
5. TO-220 *** Different pin configuration 
6. TO-221 





27 






MAX{MUM RATINGS (Ta=25°C) ELECTRICAL CHARACTERISTICS (Ta=25°C) 


TYPE MANU- NEC 
NOs | RAG EAA Pr(w) Vesotv) | Yceotv) es ae 
7 Sis 
bate ee ee ete 
== tt el 
[= Fee t= fe 
ml rb pt oe 
ete t= t= etl 
epee beet biel lee 
eet peep t = te ml 
i 










VCE (sat) 









POLALITY 


MAX.(V) 






























90 8.0 80 3/12 NTO411 











10/40 


NTD412 


NONE 


















3/10 10/40 











10/40 | NTD412 


fee oe ee foe | 
foe [oe ave | 
fee [oe ve oe | 
fee [oe om | 
pe et [pe | ee me | 


MJE700 [ees 3/1.5 | as | 1.5/30 | (V103) || 


PACKAGE (JEDEC) * Lower hee 
"4. TO-3 
5. TO-220 
7. TO-126 (MAXI) 

























= 
s 
—_ 
°o 
—_ 
o 
c 
° 
4 
> 
|e | a 
a 
°o 
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POLALITY 


TYPE MANU- 
FACTURER 


MJE701 












MJE702 


MJE703 


MJE800 





MOTA 





MAXIMUM RATINGS | MAXIMUM RATINGS (Ta=28°C) Cc) 


PTiw) VeBo(v) | VcEo(v) 
Tc=25°C 





ELECTRICAL CHARACTERISTICS (Ta=25' C) 





iclAyy | NO. 
Ig(mA) 





NEC 
TYPE 





NOTE 





(v 103) 











~—-}—_— 











(V103) 


























MJE801 











MJE802 


MJE803 








+ 









NTO985 











NTO986 














NT0986 





















MJE 1092 MOTA 





MJE1101 


MJE1102 


MJE1091 MOTA 


MJE1093 MOTA P {7 70 5.0 80 
3/12 NTD560 


MJE1100 MOTA 





3/3 2.5 


3/12 NTB6O1 


















2.8 





a 
ia 





3/3 


ee 


750 








3/4 2.8 




























MJE2091 


os 







4/16 NTB601 





3/12 NTB601 









ave 





4/16 NTDS60 









NTDS60 












NTDs60 











NTB601 














NTB601 











MJE2092 






NTB601 




















MJE2093 


MJE2100 













NTD560 















MJE2101 





























PACKAGE (JEDEC) 


7. TO-126 (MAXI1) 
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NTOS60 








*** Different pin configuration 


Narrow S.0.A. 





MAXIMUM RATINGS (Ta=25 C) ELECTRICAL CHARACTERISTICS (Ta=25 C) 





TYPE MANU- 


VCE(sat) 
NO. FACTURER 


'c(oc)!A)| Vepotv) | Vceotv) 


POLALITY 
PACKAGE 


MAX.(V) 


MJE2102 ' : NTDS60 





MJE2103 : : NTD560 











MJE6040 . NTB601 








=} 


MJE6041 . NTB601 











MJE6042 : NTB601 








MJE6043 5 NTD560 





MJE6044 ? NTD560 





MJE6045 . NTD560 


RCA120 . NTD560 


R 





CA N {5 65 8 80 
CA Ps 65 8 80 3/3 2.0 


RCA126 


NTB601 











RCA127 . NTB601 








RCA1000 . NTD411 








RCA1001 . NTD411 





RCA8203 : NTB601 f 





RCA8203A RCA : NT8601 





RCA8203B : NTB601 


RCA8350 RCA 
—_——-| 


RCA8350A RCA 












































PACKAGE (JEDEC) 
1. TO-3 
5. TO-220 
7. TO-126 (MAX}) 


*** Different pin configuration 


30 







pik MANU. 


FACTURER 


TIP112 





POLALITY 





MAXIMUM RATINGS (Ta=25°C) 











ELECTRICAL CHARACTERISTICS (Ta=25°C) 





VCE(sat) 





MAX.(V) 













NTOs58 


4 








4/1 









NTD558 


ene 





oe 





NTD558 


woe 











TIP115 











TIP120 Tih 






Ti 





TIP121 


Th 





TIP122 





TIP125 


TIP126 


TIP127 





TIP140 


TIP141 





TIP142 





TIP146 





TIP640 









cues 








125 10 











PACKAGE (JEDEC) 
1. TO-3 
4. TOP-3 (MP -80) 
5. TO-220 





4/1 








NTB601 















{——- ‘zs 
NTB601 








100 





+ 











NTB601 











NTD560 






































NTD560 












NTO560 








NTB601 











NTB601 






NTB601 
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4/5 





NTD411 














NTD411 











** Lower VcEeg 
*“** Different pin configuration 









MAXIMUM RATINGS (Ta=25" | MAXIMUM RATINGS (Te=25°C) | 


POLALITY 


TYPE |MANU- 
NO. FACTURER 





ELECTRICAL CHARACTERISTICS [ ELECTRICAL CHARACTERISTICS (Ta=25°C) | 25°C) 


PT(w) Veso(v) | YcEo(v) 
Te=25°C = 


ee NOTE 




















PACKAGE (JEDEC) 
1. TO-3 
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** tower Voce 





T0-92 Type Cross Reference Information 
Electrical Recommended 


Other Manufacturer's © Equivalent Characteristics 


Type Number Without Different Measuring 
Note Conditions 


Same Package (TO-92 Pin Configuration C.B.E.) 


Little different package almost all are triangle 
pin configuration 


Almost same package different pin configuration 
(Pin Configuration E C B) 


Without Note Can case Tr. 
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A5T718A 
A5T2192 
A5T2193 
A5T2222 
A5T2907 
A5T3391 
AST3391A 
AST 3504 
A5T 3505 
A5T 3638 
A5T3638A 
AST 3644 
AST 3645 
A5T3903 
A5T3904 
A5T3905 
A5T 3906 
A5T4123 
A5T4124 
A5T4125 
A5T4126 
A5T4402 
A5T4403 
A5T5220 
A5T5221 
A5T 5226 








A8T 3391 
A8T3391A 
A8T 3702 
A8T 3703 
A8T3705 
A8T 3706 





Recommended 
mes fk pei NEC PEER 






































































2N4400 
NT2222A 
2N4400 
NT2222 
NT2907 
2N4124 
2N4124 
NT2907A 
NT2907A 
NT2907 
NT2907A 
NT2907A 
NT2907A 
2N3903 
2N3904 
2N3905 
2N3906 
2N4 123 
2N4124 
2N4125 
2N4126 
2N4402 
2N4403 
NT2222 
NT2907 
NT2907 





O00 0000 00 0 0 0 0 00 00000000000 
©eo9oe%oe9%oe?egdd8 © 











2N4124 
2N4124 
2N4403 
2N4402 
2N4400, 1 
2N4401 


© 90 








© 690 @ 
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Etec- Recommended 


NT2222 
NT2907 
NT2907 
2N4400 
NT2222 
NT2222 
NT2907 
2N4400 
2N4402 
2N3905 
203906 
2N3906 
2N4125 
2N4126 
NT2907 
NT2222 
2N4403 
2N4402 









BC115 
BC116 
BC116A 
BC119 
BC125 
BC136 
BC137 
BC138 
BC139 
BC204 
BC204A 
BC204B 
BC205 
BC205A 
BC221 
BC222 
BC231 
BC232 





































































2N4400 
NT2222 
2N3904 
2N3904 
2N3904 


BCY42 
BCY43 
BCY 58 
BCY59 
BCY65E 








NT2222A 
NT2907 
NT2222 
NT2222A 





BFW29 
BFW31l 
BFW 32 
BFW68 
















NT2907A 
NT2907A 
NT2222 





BFX29 
BF X30 
BFX45 








Elec- Recommended 


NT2222A 
2N4400 
NT2222A 
NT2222 
NT2222 
2N4400 
2N4402 
2N4402 





BF X50 
BFX51 
BFX52 
BF X68 
BFX68A 
BF X69 
BF X75 
BF X88 


















BFX94 2N4400 
BFX95 
BFX96 


BFX97 






NT2222 
2N4400 
NT 2222 












BF Y 64 
BFY 72 


NT2907 
2N4400 

















2N4402 
NT2907 
2N4402 
NT2369A 
NT2369A 
2N4402 
2N4402 
NT2907 
2N4402 
NT2907 
2N4400 
NT2222 
2N4400 
NT2222 


BSw2l 
BSW22 
BSW23 
BSW 58 
BSW 59 
BSW24 
BSW 72 
BSW 73 
BSW 74 
BSW75 
BSW 82 
BSW 83 
BSW 84 
BSW 85 
















































NT2369A 
NT2369A 





BSX19 
BSX20 
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Elec- Recommended 


NT2369A 
NT2369A 
2N4402 
NT2369A 
NT2369A 
NT2369A 
NT2369A 
NT2369A 
NT2369A 
NT2369A 
NT2369A 
NT2369A 










BSX26 
BSX28 
BSX36 
BSX87 
BSX87A 
BSX88 
BSX88A 
BSX89 
BSX90 
BSX91 
BSX92 
BSX93 























































NT2369A 
NT2369A 
NT2369A 
NT2369A 
NT2369A 
NT2369A 
NT2369A 
NT2369A 
NT2369A 
NT2369A 
NT2369A 
NT2369A 
NT2222 
NT2369A 
NT2369A 


BSY17 
BSY19 
BSY21 
BSY 26 
BSY27 
BSY28 
BSY 38 
BSY 39 
BSY 62 
BSY62A 
BSY 63 
BSY 70 
BSY 78 
BSY 95 
BSY 95A 






































































2N4402 
2N4402 
2N4403 
2N4403 





D29E1 
D2Z9E1J1 
D29E2 
D29E2J1 



























D29E4 
D29E4K1 
D29E5 
D29E5J1 
D29E6 
D29E6J1 
D29E7 
D29E7J1 
D29F 1 
D29F2 
D29F3 






D32P2 
D32P2 
D32P4 


D33D21 
D33D2131 
D33D22 
D33D22J1 
D33D24 
D33D2431 
D33D25 
D33D25J31 
D33D26 
D33D26J1 
D33D27 
D33D27J1 








EN697 
EN706 
EN708 
EN718A 


; Elec- 
Type No. pete trically 


>DDPDPRPRPRPBRRKRDRD 





o 0 0 


>DDRPDRDPRPPRPPRPRPKRPEP PE 











00. 0° 0 







Recommended 
NEC Device 
















2N4402 
2N4402 
2N4403 
2N4403 
2N4403 
2N4403 
2N4403 
2N4403 
2N3905 
2N3905 
2N3906 





2N4123 
2N6123 
2N4 124 














































2N4400 
2N4400 
2N4401 
2N4401 
2N4400 
2N4400 
2N4401 
2N4401 
2N4401 
2N4401 
2N4401 
2N4401 











2N4400 


2N4400 
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Elec- Recommended 


EN722 
EN744 
ENQ915 
EN916 
EN956 
EN1132 
EN1613 
EN1711 
EN2219 
EN2222 
EN2369 
EN2369A 
EN2905 
EN2907 
EN3011 
EN3250 
EN3502 
EN3504 
EN3903 
EN3904 
EN3905 
EN3906 
EN4123 
EN4124 
EN4125 
EN4126 


GET2221 
GET2221A 
GET2222 


GET2222A 
GET2904 
GET2905 


eoco0o0oO0o0o0oeoO0oaaoaaoaa0aa0aaao oo 8 8 8 Oo 


00000 0 


©© C060 606 06 


2N4402 
NT2369A 
2N3903 
2N3903 
NT2222 
2N4402 
2N4400 
NT2222A 
NT2222 
NT2222 
NT2369 
NT2369A 
NT2907 
NT2907 
NT2369A 
2N3905 
NT2907A 
NT2907A 
2N3903 
2N3904 
2N3905 
2N3906 - 
2N4123 
2N4124 
2N4125 
2N4126 


2N4400 
2N4400 
NT2222 
NT22Z22A 
2N4402 
NT2907 









Recommended 
NEC Device 


Elec- 
trically 


j Type Now pe 
GET2906 
GET2907 
GET 3638 
GET 3638A 
















2N4402 
NT2907 
2N4402 
2N4403 








Oo 00 0 








































2N4400 
2N4400 
NT2222 
NT2222A 
2N4402 
NT2907 
NT2222 
2N4400 
2N4400 
2N3905 
2N3905 
2N4400 
2N4401 
NT2222 
2N4400 
2N4403 
2N4403 
2N4402 
2N4403 
2N4402 
2N4401 
2N4401 
2N4401 
2N4403 
2N4123 
2N4123 
2N4123 
2N4124 


GES2221 
GES2221A 
GES2222 
GES2222A 
GES2906 
GES2907 
GES3566 
GES3567 
GES3569 
GES4121 
GES4 122 
GES5368 
GES5369 
GES5370 
GES5371 
GES5372 
GES5373 
GES5375 
GES5447 
GES5448 
GES5449 
GES5450 
GES5451 
GES5810 
GES5811 
GES5824 
GES5825 
GES 5826 































©9O9OO9GKOHHH HHH HH HHH HHKCHH HCH GHHHKH SO GOO 
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Elec- | Recommended 


2N4124 
2N4401 
2N4402 
2N4401 
2N4402 
2N4401 
2N4402 








GES5827 
GES6000 
GES6001 
GES6004 
GES6005 
GES6010 
GES6011 








































2N4400 
2N3903 
2N3904 
2N3905 
2N3906 
2N4400 
2N4401 
2N4402 
2N4403 


MM2193A 
MM3903 
MM3904 
MM3905 
MM3906 
MM4400 
MM4401 
MM4402 
MM4403 






































©Ooeooesd od © 
















NT2369A 
NT2369 
NT2369 
NT2369 
NT2222 
NT2369A 
NT2222A 
NT2369 
NT2369A 
2N4123 
2N4124 
2N4400 
2N4401 
NT2907 
NT2907A 





MPS706 
MPS708 
MPS753 
MPS834 
MPS2222 
MPS835 
MPS2222A 
MPS2369 
MPS2369A 
MPS2711 
MPS2712 
MPS2713 
MPS2714 
MPS2907 
MPS2907A 






























©Oo9ogoeegeOHoO OG O 











©9ooogondgegqggvsoevoeeves*mesd eo 












Type No. Pack Recommended 
| type Non foomel tin BEE Dertee 


2N4123 
2N4124 
2N4124 
2N4123,4 
2N4124 
2N4124 
2N4124 
2N4124 
2N4124 
2N4123 
2N4124 
2N4123 
2N4124 
2N4400 
NT2907 
NT2907 
2N4400 
NT2907A 
NT2907A 
2N3903 
2N3903 
2N4403 
2N4402 
2N4401 
2N4400 
2N4400 
2N3903 
2N3904 
2N3905 
2N3906 
NT2369A 
NT2369A 
NT2222 
















MPS2923 
MPS2924 
MPS2925 
MPS2926 
MPS3390 
MPS 3391 
MPS3391A 
MPS 3392 
MPS3393 
MPS 3394 
MPS3395 
MPS3402 
MPS3403 
MPS3569 
MPS 3638 
MPS3638A 
MPS3641 
MPS 3644 
MPS3645 
MPS 3693 
MPS 3694 
MPS3702 
MPS3703 
MPS3704 
MPS3705 
MPS3706 
MPS3903 
MPS3904 
MPS3905 
MPS3906 
MPS4274 
MPS4275 
MPS5128 


© 66690 






































©*goqoogogevsvedsvseeeseHsoeHeoe eo © 

















© © © 















© 06 © 
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Elec- | Recommended 
Pee 


NT2222 
NT2222 
NT2222 
NT2222 
NT2907 
NT2907 
2N3904 
2N4123 
2N4123 
2N4124 
2N4124 
2N4125 
2N4125 
2N4126 
2N4126 
2N4124 
2N4124 
2N4126 
2N4126 
2N4400 
2N4401 
2N4400 
2N4402 
2N4402 
2N4403 
2N4403 
2N4402 
2N4402 
2N4401 
2N4401 
2N4403 
2N4403 








© 





MPS5129 
MPS5135 
MPS5136 
MPS5137 
MPS5 142 
MPS5 143 
MPS5172 
MPS65 12 
MPS6513 
MPS6514 
MPS6515 
MPS6516 
MPS6517 
MPS6518 
MPS6519 
MPS6520 
MPS6521 
MPS6522 
MPS6523 
MPS6530 
MPS6531 
MPS6532 
MPS6533 
MPS6533M 
MPS65 34 
MPS6534M 
MPS6535 
MPS6535M 
MPS6560 
MPS6561 
MPS6562 
MPS6563 













© 















©e6eO9O0 6868 @ 


































©eoeoe9go¢e8d @ 






















©Ooqo9gegeese#oeovsoee8g 8 OG @O 















© 6 oO 





Type No. Package| Elec: | Recommended 
bes i aca NEC Device 


2N4400 
2N4400 
NT2222 
NT2222A 
2N4400 
2N4400 
NT2222 
NT2222A 
NT2369 
NT2369A 
2N4402 
2N4402 
NT2907 
NT2907A 
2N4402 
NT2907 
NT2907A 
2N3904 
2N3904 
2N4400 
NT2222 
NT2907A 
NT2907 
2N3905 
2N3906 
NT 2222 
NT2222 
NT2369 
NT2222 
NT2222 
NT2222 
NT2907 
NT2907 

















PN2218 
PN2218A 
PN2219 
PN22Z19A 
PN2221] 
PN2221A 
PN2222 
PN2222A 
PN2369 
PN2369A 
PN2904 
PN2904A 
PN2905 
PN2905A 
PN2906 
PN2907 
PN2907A 
PN3565 
PN3566 
PN3641 
PN3643 
PN3644 
PN 3645 
PN4916 
PN4917 
PN5128 
PN5129 
PN5134 
PN5135 
PN5136 
PN5137 
PN5142 
PN5143 














©@o@eoe9e*edecd 8d © 
































































©oeqgqoqdoedoesgegseseeHeHHoeHeHeHHH EH O&O O 
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Elec- Recommended 


2N3905 
2N3905 
2N4401 
2N4401 
2N4403 
2N4403 
2N4401 
2N4401 
2N4403 
2N4403 
NT2222 
2N4400 
2N4401 
NT2907A 
2N3905 
2N3906 


































TIS37 
TIS38 
TISs90 
TIS90M 
TIS91 
TIS9IM 
TIS92 
TIS92M 
TIS93 
TIS93M 
TIS109 
TIS110 
TIS111 
TIS112 
TIS137 
TIS138 








Oooo0oooooooppepepepp 














NT2907 
NT2907A 
2N4123 
2N4124 
2N4125 
2N4126 





TP3638 
TP3638A 
TP4123 
TP4124 
TP4125 
TP4126 










00000 0 









2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4402 





2N160 
2N1l60A 
2N161 
2N161A 
2N162 
2N162A 
2N163 
2N163A 
2N258 









































Type No. Recommended 
| type No. pecan mee ce 


2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
NT2907 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 






















2N259 
2N260 
2N260A 
2N261 
2N262 
2N262A 
2N263 
2N264 
2N327 
2N327A 
2N327B 
2N328 
2N328A 
2N328B 
2N329 
2N329A 
2N330 
2N330A 
2N332 
2N332A 
2N333 

2N333A 
2N334 
2N334A 
2N334B 
2N335 
2N335A 
2N335B 
2N336 
2N336A 
2N337 
2N337A 
2N338 
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Type No. Elec- {| Recommended 
aaa eee 


24400 
2N4402 
2N4402 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
































2N338A 
2N354 
2N355 
2N470 
2N471 
2N471A 
2N472 
2N472A 
2N473 
2N474 
2N474A 
2N475 
2N475A 
2N476 
2N477 
2N478 
2N479 
2N479A 
2N480 
2N480A 
2N541 
2N541A 
2N542 
2N542A 
2N543 
2N543A 
2N552 
2N619 
2N620 
2N621 
2N696 
2N696A 
2N697 
































































































Type No. Package Recommended 
NEC Device | 


2N4400 
2N3903 
2N3903 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4402 
2N4402 
2N4402 
2N4402 
2N4400 
2N4400 
NT2369A 
NT2369A 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
NT2369 
NT2369A 
NT2369A 
NT2369A 
2N3903 
2N3903 
2N3903 
2N3903 
2N3903 
NT2369A 





2N697A 
2N702 
2N703 
2N715 
2N716 
2N717 
2N718 
2N718A 
2N721 
2N721A 
2N722 
2N722A 
2N730 
2N731 
2N744 
2N744A 
2N745 
2N746 
2N747 
2N748 
2N749 
2N751 
2N752 
2N753 
2N783 
2N784 
2N784A 
2N789 
2N790 
2N791 
2N792 
2N793 
2N834 
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Elec- Recommended 


NT2369A 
2N3903 
2N3903 
2N3904 
2N3903 
2N3903 
NT2369A 
NT2369A 
NT2369A 
NT4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4400 
2N4400 
2N4400 










2N835 
2N839 
2N840 
2N841 
2N842 
2N843 
2N847 
2N850 
2N852 
2N858 
2N859 
2N860 
2N861 
2N862 
2N863 
2N864 
2N864A 
2N865 
2N865A 
2N866 
2N867 
2N902 
2N903 
2N904 
2N905 
2N906 
2N907 
2N908 
2N909 
2N915 
2N915A 
2N9 16 
2N916A 














































































































2N4400 
2N4400 








2N4400 
2N4400 
NT2222 
2N3903 
2N3903 
2N3903 
2N3903 

























amma 


Type No. Recommended 
NEC Device 


2N916B 
2N919 
2N920 
2N921 
2N922 
2N923 
2N924 
2N925 
2N926 
2N927 
2N928 
2N935 
2N936 
2N937 
2N938 
2N939 
2N940 
2N941 
2N942 
2N943 
2N944 
2N945 
2N946 
2N956 
2N958 
2N959 
2N978 
2N988 
2N989 
2N1051 
2N1074 
2N1075 
2N1076 


©e 86 @ 


2N3903 
NT2369A 
NT2369A 
NT2369A 
NT2369A 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
NT2222 
NT2369A 
NT2369A 
2N4402 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
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2N1077 
2N1081 
2N1082 
2N1131 
2N1131A 
2N1132 
2N1132A 
2N1132B 
2N1139 
2N1149 
2N1150 
2N1151 
2N1152 
2N1153 
2N1228 
2N1229 
2N1230 
2N1231 
2N1335 
2N1336 
2N1337 
2N1338 
2N1386 
2N1387 
2N1388 
2N1389 
2N1390 
2N1420 
2N1420A 
2N1441 
2N1442 
2N1443 
2N1469 


Elec- Recommended 


2N4402 
2N4402 
2N4402 
2N4402 
2N4402 
2N3903 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4402 
2N4402 
2N4402 
2N4402 
2N4400 
2N4400 
2N4400 
2N4400 
NT2222 
NT2222 
NT2222 
NT2222A 
NT2222 
NT2222 
NT2222 
2N4402 
2N4402 
2N4402 
2N4402 


2N4400 
2N4400 
2N4400 


Elec- Recommended 
. k 
ee me HES eee 


2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
NT2222 
2N4400 
2N3903 
2N3903 
2N3903 
2N3903 
2N3903 
2N3903 
2N3903 
2N3903 
2N3903 
2N4400 
2N4400 
2N4400 
NT2222A 
NT2222A 
NT2222A 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
NT2222 
NT2222 
NT2222A 
2N4400 










2N1491 
2N1492 
2N1505 
2N1506 
2N1506A 
2N1507 
2N1528 
2N1586 
2N1587 
2N1588 
2N1589 
2N1590 
2N1591 
2N1592 
2N1593 
2N1594 
2N1613 
2N1613A 
2N1704 
2N1711 
2N1711A 
2N1711B 
2N1837 
2N1837A 
2N1837B 
2N1838 
2N1839 
2N1840 
2N1941 
2N1944 
2N1945 
2N1946 
2N1953 






















































































































































Elec- Recommended 
li oes nee ae 


NT2222 
NT2222 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4402 
2N4400 
NT2222A 
NT2222A 
NT2222A 
NT2222A 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
NT2222 
NT2222A 
2N4400 
2N4400 
2N4400 
NT2222 
NT2222A 
















2N1972 
2N1983 
2N1984 
2N1985 
2N1986 
2N1987 
2N1988 
2N1989 
2N1991 
2N1992 
2N2049 
2N2192 
2N2192A 
2N2192B 
2N2193 
2N2193A 
2N2193B 
2N2 194 
2N2194A 
2N2194B 
2N2195 
2N2195A 
2N2195B 
2N2217 
2N2218 
2N2218A 
2N2219 
2N2219A 
2N2220 
2N2221 
2N2221A 
2N2222 
2N2222A 










































































































































43 





Elec- | Recommended 
one oe nes potas. 


2N222B 
2N2236 
2N2237 
2N2240 
2N2241 
2N2272 
2N2303 
2N2309 
2N2314 
2N2315 
2N2350 
2N2350A 
2N2351 
2N2352 
2N2352A 
2N2353 
2N2353A 
2N2369 
2N2369A 
2N2380 
2N2380A 
2N2393 
2N2394 
2N2395 
2N2396 
2N2413 
2N2478 
2N2479 
2N2595 
2N2596 
2N2597 
2N2601 
2N2602 








NT222A 
2N4400 
2N4400 
2N4400 
NT 2222 
NT2222 
NT2907 
2N4400 
2N4400 
2N4400 
NT2222A 
NT2222A 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
NT2369 
NT2369A 
2N4400 
2N4400 
2N4402 
2N4402 
2N4400 
2N4400 
2N4400 
2N4400 
2N4400 
2N4402 












































































2N4402 
2N4402 
2N4402 
2N4402 
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Elec- Recommended 
Sune o pas Eee 


2N2603 
2N2618 
2N2645 
2N2695 
2N2696 
2N2709 
2N2711 
2N2712 
2N2713 





2N4402 






2N4400 






2N4400 






2N4402 
2N4402 
2N4402 
2N4123 
2N4124 
2N4400 
2N4401 
2N4400 
2N4400 
NT2222A 
2N4400 
2N4400 
NT2222A 
NT2907A 
2N4400 
2N4402 
NT2907A 
2N4400 
2N4400 













2N2714 
2N2787 
2N2788 
2N2789 
2N2790 
2N2791 
2N2792 
2N2801 
2N2831 
2N2837 
2N2838 
2N2863 
2N2 864 
2N2886 
2N2904 
2N2905 
2N2905A 


























2N4400 







2N4402 
NT2907 
NT2907A 
2N4402 
NT2907 
NT2907A 









2N2906 
2N2907 
2N2907A 
2N2909 
2N2922 
2N2923 
2N2924 










2N4400 
2N4124 









2N4123 






2N4124 


Elec- Recommended 


2N4124 
2N4123,4 
2N4402 
NT2369A 
NT 2222 
NT2222 
NT2369A 
2N4400 
NT2222 
2N4402 











2N2925 
2N2926 
2N2927 
2N2938 
2N2960 
2N2961 
2N3011 
2N3115 
2N3116 
2N3120 




























































2N4402 





2N3121 
2N3122 
2N3123 
2N3133 
2N3135 
2N3136 
2N3241 
2N3241A 
2N3242 
2N3242A 
2N3250 
2N3251 
2N3299 
2N3300 
2N3301 
2N3302 
2N3326 
2N3390 
2N3391 
2N3391A 
2N3402 


NT 2222 
NT 2222 
2N4402 
2N4402 
NT2907 
NT2222 
NT2222 
NT2222 
NT 2222 | 
2N3905 
2N3906 
2N4400 























































NT2222 
2N4400 
NT2222 
2N4400 
2N4124 
2N4124 
2N4124 
2N4123 
2N4124 
NT2222A 


























2N3403 
2N3464 
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Elec- Recommended 
ee oe led 


2N4402 












2N3485 
2N3486 
2N3486A 
2N3502 
2N3503 
2N3504 
2N3505 


NT2907 
NT2907A 
NT2907A 
NT2907A 
NT2907A 
NT2907A 

























































2N3566 O NT2222 
2N3567 O 2N4400 
2N3569 O 2N4400 
2N3605 ras NT2369A 
2N3605A A NT2369A 
2N3606 a NT2369A 
2N3606A A NT2369A 
2N3607 A NT2369A 
2N3638 oO NT2907 
2N3638A O NT2907A 
2N3641 O 2N4400 
2N3643 O NT2222 
2N3644 O NT2907A 
2N3645 O NT2907A 


NT2907A 
NT2907A 
NT2907A 
2N4403 


2N3671 
2N3672 
2N3673 
2N3702 | 
2N3703 
2N3704 
2N3705 
2N3706 
2N3830 
2N3831 
2N3843 
2N3843A 




















2N4402 
2N4401 
2N4400, 1 
2N4401 
2N4400 
2N4400 
2N4124 
2N4124 


> PBR DD 









> ob 









Type No. Recommended 
NEC Device 


2N4124 
2N4124 
2N4124 
2N4123 
2N4123 
2N4123 
2N4123 
2N4123 
2N4123 
2N4123 
2N4123 
2N4123 
2N4124 
2N3903 
2N3903 
2N3904 
2N3905 
2N3906 
2N4400 
2N3903 
2N3904 
2N4400 
2N4401 
2N4400 
2N4401 
2N4400 
2N4400 
2N4124 
2N4124 
2N4124 
2N3905 
2N3905 
2N4123 

















































2N3844 
2N3844A 
2N3845 
2N3845A 
2N3854 
2N3854A 
2N3855 
2N3855A 
2N3856 
2N3856A 
2N3858 
2N3859 
2N3860 
2N3862 
2N3903 
2N3904 
2N3905 
2N3906 
2N3945 
2N3946 
2N3947 
2N3973 
2N3974 
2N3975 
2N3976 
2N3981 
2N3982 
2N4086 
2N4087 
2N4087A 
2N4121 
2N4122 
2N4123 


®©@®@eePPprPrPPRPPPRPPPPRPP PPP 












































© oorvprepp 









































Elec- Recommended 


2N4124 
2N4125 
2N4126 
2N4400 
2N4401 
2N4402 
2N4403 
2N4400 
2N4402 
2N3904 
NT2369A 
NT2369A 
2N4124 
NT2369A 
2N4400 
2N4401 
2N4402 
2N4403 
2N4400 
2N4401 
NT2222 
NT2907 
2N4402 
2N4400 
2N4400 
NT2222 
NT2222 
2N4400 
2N4400 
2N4401 
2N4402 
2N4403 
NT2222 



























2N4124 
2N4125 
2N4126 
2N4 140 
2N4141 
2N4142 
2N4143 
2N4227 
2N4228 
2N4256 
2N4274 
2N4275 
2N4286 
2N4294 
2N4400 
2N4401 
2N4402 
2N4403 
2N4436 
2N4437 
2N4450 
2N4452 
2N4890 
2N4944 
2N4951 
2N4952 
2N4953 
2N4954 
2N4969 
2N4970 
2N4971 
2N4972 
2N5 106 


cooea~ooorprpaoaopaoaaodaoogog0o0 © Oo O 
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Recommended 


2N5107 
2N5128 
2N5129 
2N5134 
2N5135 
2N5 136 
2N5137 
2N5 142 
2N5 143 
2N5219 
2N5220 
2N5221 
2N5223 
2N5225 
2N5226 
2N5227 
2N5354 
2N5355 
2N5 365 
2N5366 
2N5368 
2N5 369 
2N5370 
2N5371 
2N5372 
2N5373 
2N5375 
2N5380 
2N5381 
2N5382 
2N5383 
2N5418 
2N5419 









































NT2222 
NT2222 
NT2222 
NT2369 
NT2222 
NT2222 
NT2222 
NT2907 
NT2907 
2N4123 
NT2222 
NT2907 
2N4124 
NT2222 
NT2907 
2N3906 
NT2907 
NT2907A 
NT2907A 
NT2907A 
2N4400 
2N4401 
NT2222 
2N4400 
2N4402 
2N4403 
2N4402 
2N3903 
2N3904 
2N3905 
2N3906 
2N4400 
2N4401 




































PP oodoooooo0o0newopperprerpreo@edeoeeoeeeeqenaedce0aeagaeg9d Oo 
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Elec- | Recommended 
ane i bean 


2N5420 
2N5447 
2N5448 
2N5449 
2N5450 
2N5451 
2N5 763 
2N5769 
2N5810 
2N5811 
2N5824 
2N5825 
2N5826 
2N5827 
2N6000 
2N6001 
2N6004 
2N6005 
2N6010 
2N6011 
2N6223 









> 





NT2222 
2N4403 
2N4402 
2N4401 
2N4401 
2N4401 
NT2907A 
NT2369A 
2N4401 
2N4403 
2N4123 

















0000 0 



































2N4123 
2N4124 
2N4124 
2N4401 
2N4402 
2N4401 
2N4402 
2N4401 
2N4402 
NT2907 





ooooao0o0aoeaeo oo 80 oO oO 





MPS -A20 
MPS-A70 
MPS-H17 
MPS -HZU 
MPS-H24 
MPS -H32 
MPS 918 
MPS2222 
MPS2907 
MPS3563 
MPS 3693 
"MPS3694 
MPS3702 
MPS3704 
MPS4249 
MPS4250 
MPS4250A 
MPS5172 
MPS5179 
MPS65 13 
MPS6514 
MPS6515 
MPS6517 
MPS6518 
MPS6519 
MPS6520 
MPS6521 
MPS6522 





Cross Performance Guide to TO-92 Transistor 


MPS-A09 
MPS-A18 


JE9014 
JE9014 
JE9014 
JE9015 
2SC2352 
2561393 
2SC1393 
25C1393 
JE9018 
NT2222 
NT2907 
JE9018 
JE9014 
JE9014 
JE9015 
JE9015 
JE9015 
JE9015 
JE9015 
JE9014 
2SC2026 
JE9014 
JE9014 
JE9014 
JE9015 
JE9015 
JE9015 
JE9014 
JE9014 
JE9015 


seis [ose [eT 


BV ceo NF 
NF 

BVCEO, NF 
NF = 2 dB 
NF = 2 dB 
NF = 2 dB 
NF S 2 dB 
NF <= 2 dB 
NF = 2 dB 
NF = 3 dB 
NF = 3 dB 
NF <= 3 dB 


= 40V 
= 40V 
BVCBO = 40V 
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MPS6523 
MPS6539 
MPS6540 
MPS6560 
MPS6562 
MP58097 
MPS8098 
MPS8598 
2N3903 
2N3904 
2N3905 
2N3906 
2N4123 
2N4124 
2N4125 
2N4126 
2N4400 
2N4401 
2N4402 
2N4403 
2N5086 
2N5087 
2N5209 
2N5210 
2N5222 
2N6428 
2N6428A 
2N6429 
2N6429A 


JE9015 
2SC 1393 
2501393 


2N3903 
2N3904 
2N3905 
2N3906 
2N4123 
2N4124 
2N4125 
2N4126 
2N4400 
2N4401 
2N4402 
2N4403 
JE9015 
JE9015 
JE9014 
JE9014 
JE9016 
JE9014 
JE9014 
JE9014 
JE9014 


NF 
NF 
NF 
NF 


NF 
NF 
NF 
NF 


IN 


IA 


WA WA 





3 dB 
2 dB 
3 dB 
2 dB 


ZENER DIODES 
SILICON CONTROLLED RECTIFIERS 
(SCRS, TRIACS) 


TRIGGER DEVICES 


CROSS REFERENCE LIST 


Nippon Electric Co., Ltd. 


Tokyo, Japan 


1980 February 
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1. ZENER DIODES 
1) Zener Diodes 500 mW, 1W 
Rona! [Ron | n/m 
Vz(V 

0.4 2.4 1N4370 
2.7 20 1N4371 

3.0 20 1N4372 

3.3 20 1N746 

3.6 20 1N747 

3.9 20 1N748 

4.3 20 | 1N749 

4.7 20 1N750 

5.1 20 1N751 

5.6 20 1N752 

6.2 20 1N753 

6.8 20 1N754 

6.8 18.5 1N957 

7.9 20 1N755 

7.5 16.5 1N958 

8.2 20 1N756 

8.2 15 1N959 

9.1 20 1N757 

9.1 14 1N960 

10 20 1N758 

10 12.5 1N961 

ll 11.5 1N962 

12 20 1N759 

12 10.5 1N963 

13 9.5 1N964 

15 8.5 1N965 

16 7.8 1N966 

18 7.0 1N967 

20 6.2 1N968 

22 5.6 1N969 

24 5.2 1N970 


JEDEC | Motorola 
Number 


-4M2.4AZ 
*4M2.7AZ 
-4M3..OAZ 
*4M3.3AZ 
-4M3.6AZ 
-4M3.9AZ 
-4M4.3AZ 
-4M4.7AZ 
-4M5.1AZ 
*4M5 .6AZ 
-4M6.2AZ 
-4M6.8AZ 
-4M6.8Z 
- 4M7.5AZ 
-4M7 .5Z 
- 4M8. 2AZ 
+ 4M8 .2Z 
*4M9.1AZ 
+ 4M9.1Z 
- 4M1OAZ 
*4M10Z 
-4M112Z 
+ 4M12AZ 
-4M12Z 
-4M13Z 
+ 4M15Z 
-4M16Z 
+ 4M18Z 
+ 4M20Z 
*4M22Z 


°4M24Z 
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NEC 
Number 


RD2.4E 


RD2.7E 


RD3.0E 


1N746 
1N747 
1N748 
1N749 
1N750 
1N751 
IN752 
1N753 
1N754 
RD6.8E 
1N755 
RD7.5E 


1N756 


RD8.2E 


1N757 


RD9.1E 


1N758 


RD1OE 


RD11E 


1N759 


RD12E 


RD13E 


RDI5E 


RD16E 


RD18E 


RD20E 


RD22E 


RD24E 





Replace- 


ability 


© 
© 


© OO oO 


©O9oaogonaOaOO GO O 


© 


©O9O 0 O 


©O0 OO 6 O 


© © 


© © 


Feature of NEC Products 


and Remarks 





Vz test conditions are not 


equal selection is required 






SPECIFICATIONS [TYPE NO. 


Nominal Test NEC 

P (W)|Voltage | Current eee pean Number 
v2(V Iz(mA praia 

0.4 ; % 


°4M27Z 















Feature of NEC Products 
and Remarks 


Replace- 
ability 




















© 





°4M30Z 


© 








°4M33Z 


© 


+ 4M36Z 








-4M39Z 
-4M43Z 


-4M47Z 


© © © © 


*4M51Z 


© 






+ 4M56Z 


© 








°4M62Z 


© 








*4M68Z 


* 4M75Z 


© © 










+ 4M82Z 


© © 


- 4M91Z RD9IE 


+ 4M100Z RD1OOE 


© 





2 


+ 4M200Z 
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SPECIFICATIONS 


Nominal Test JED NEC _| Replace- Feature of NEC Products 
P (W)/ Voltage | Current BIA/JEDEC Motoroze Number | ability and Remarks 
Number Number 
V2(V Iz(mA ; 
0.5 





BZX55-C2V7 | ZPD2.7 RD2.7EB © 
3.0 5 BZX55-C3V0.| ZPD3.0 RD3.OEB © 
3.3 5 BZX55-C3V3 | ZPD3.3 RD3.3EB © 
3.6. 5 BZX55-C3V6| ZPD3.6 RD3. 6EB © 
3.9 5 BZX55-C3V9| ZPD3.9 RD3.9EB © 
4.3 5 BZX55~C4V3| ZPD4.3 RD4. 3EB © 
A 5 BZX55-C4V7| ZPD4.7 RD4.7EB © 
5.1 5 BZX55-C5V1| ZPD5.1 RD5. 1EB © 
5.6 5 BZX55-C5V6| ZPD5.6 RD5 . 6EB © 
6.2 5 BZX55-C6V2| ZPD6.2 RD6.2EB © 
6.8 5 BZX55-C6V8| ZPD6.8 RD6.8EB © 
7.5 5 BZX55-C7V5 | ZPD7.5 RD7 .5EB © 
8.2 5 BZX55-C8V2}| ZPD8.2 RD8 . 2EB © 
9.1 5 BZX55-C9V1| ZPD9.1 RD9.1EB © 

10 5 BZX55-Cl0 | ZPD10 RD10EB © 

11 5 BZX55-Cll | ZPD11 RD11EB © 

12 5 BZX55-C12 ZPD12 RD12EB © 

13 5 BZX55-C13 2PD13 RD13EB © 

15 5 BZX55-C15 zPD15 RD15EB © 

16 5 BZX55-Cl6 | ZPD16 RD16EB © 

18 5 BZX55-C18 ZPD18 RD18EB © 

20 5 BZX55-C20 | ZPD20 RD20EB © 

22 5 BZX55-C22 | ZPD22 RD22EB © 

24 5 BZX55-C24 | ZPD24 RD24EB (6) 

27 5 BZX55-C27 | ZPD27 RD27EB © 

30 5 BZX55-C30 | ZPD30 RD30EB © 

33 5 BZX55-C33 | ZPD33 RD33EB © 

36 5 BZX55-C36 | ZPD36 RD36EB © 

39 5 BZX55-C39 | ZPD39 RD39EB © 

43 5 BZX55-C43 ZPD43 RD43EB © 
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SPECIFICATIONS 


Nominal Test NEC 
P (W)/Voltage | Current fies eee Movorols Number 
f ee Number 
Vz2iV Iz (mA 


0.5 47 5 
51 b) 












Feature of NEC Products 
and Remarks 


Replace- 
ability 










BZX55-C47 ZPD47 RD47EB 





ZPD51 RD5 1EB © 





BZX55-C51 





SPECIFICATIONS 


Nominal | Test 
Voltage | Current 
Vz(V 
0.5 2.4 20 
2.5 20 
2.7 20 
2.8 20 
3.0 20 
3.3 20 
3.6 20 
3.9 20 
4.3 20 
4.7 20 
5.1 20 
5.6 20 
6.0 20 
6.2 20 
6.8 20 
7.5 20 
8.2 20 
8.7 20 
9.1 20 
10 20 
il 20 
12 20 
13 9.5 
14 9 
15 8.5 
16 7.8 
17 7.4 
18 7.0 
19 6.6 
20 6.2 
22 5.6 


EIA/ 
Number 


1N5221 
1N5 222 
1N5 223 
1N5224 
1N5 225 
1N5226 
1N5227 
1N5228 
1N5229 
1N5230 
1N5231 
1N5 232 
1N5233 
1N5234 
1N5235 
1N5 236 
1N5237 
1N5 238 
1N5 239 
1N5240 
1N5241 
1N5242 
1N5243 
1N5244 
1N5245 
1N5 246 
1N5247 
1N5248 
1N5249 
1N5250 


1N5251 


JEDEC | Motorola 
Number 


°5M2.4Z8 
*5M2.528 
*5M2.7ZS 
*5M2.8ZS 
*5M3.0ZS 
*5M3.32ZS 
+5M3.6ZS 
*5M3.9ZS 
*5M4.3ZS 
-5M4.7Z8 
+5M5.1ZS 
*5M5.6ZS 
+ 5M6.0ZS 
+5M6.228 
+ 5M6.8ZS 
*5M7.52Z8 
+5M8 228 
-5M8.7ZS 
*5M9.1ZS 
+ SM1OZS 
*SM11ZS 
*5M12ZS 
*5M13ZS 
+ 5M14ZS 
*“SM15ZS 
+5M16ZS 
*5M17ZS 
*5M18ZS 
*5M19ZS 
+ 5M20ZS 


*5M22ZS 


NEC 
Number 


1N5221 
1N5222 
1N5223 
1N5224 
1N5225 
1N5226 
1N5227 
1N5228 
1N5229 
1N5230 
1N5231 
1N5232 
1N5233 
1N5234 
1N5235 
1N5236 
1N5237 
1N5 238 
1N5239 
1N5240 
1N5241 
1N5242 
1N5243 
1N5244 
1N5245 
1N5 246 
1N5 247 
1N5248 
1N5249 
1N5250 


1N5251 





Replace- 


ability 


© 
© 
© 


©O@aoo@oqqoqoo gon gqogagqngaegn.gyDmD Oo 


© © 


©O9OdO0d0 O 


© © O 


Feature of NEC Products 
and Remarks 





Vz test conditions are not 
equal so selection is 


required 


Replace- Feature of NEC Products 
ability and Remarks 


SPECIFTOATIONS [TIPE NO. 
Nominal Test NEC 

P (w){Voltege | current are eee praia Number 
v2(V Iz(mA eee 

0.5 , 


IN5 252 + 5M24ZS 1N5252 


© 


1N5253 *5M25ZS 1N5253 
1N5254 -5M27ZS 1N5254 
IN5255 « 5M28ZS IN5255 


1N5 256 + 5M30ZS 1N5256 


© © © © @O 


1N5257 + 5M33ZS IN5257 
1N5 258 + 5M36ZS 1N5258 
1N5259 + 5M39ZS 1N5259 


1N5 260 + 5M43ZS 1N5260 





1N5 261 + 5M47ZS 1N5261 
1N5 262 *5M51ZS 1N5262 
1N5263 +5SM56ZS 1N5 263 


1N5 264 + 5SM60ZS 1N5264 


© © G6 © G& GO © O 


1N5265 « 5M62ZS 1N5265 


1N5266 - 5M68ZS 1N5 266 





1N5 267 + 5M75 ZS 1N5267 
1N5 268 + 5M82ZS 1N5268 
1N5269 » 5M87ZS 1N5269 


1N5270 + 5M91ZS 1N5270 


© © © © © O 


1N5271 + 5M100ZS 1IN5271 
2 2 


1N5281 + 5M200ZS 
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SPECIFICATIONS 


Nominal [areas NEC Replace- 
Voltage | Current as ae Movers Number | ability 


Vz(V) Iz(mA) 





Feature of 
NEC Products 


Number Number Number and Remarks 


1N4728 1N3821 1M3 .3AZ Vz test conditions 
1M3.3ZS 


1N4729 1N3822 1M3.6AZ 
1M3.6ZS 


1N4730 | 1N3823 1M3.9AZ 
1M3.9ZS 


1N4731 1N3824 1M4. 3AZ 
1M4.3Z8S 


1N4732 1M4.7AZ 
1M4.7ZS 


IM5_1AZ 
1M5.1ZS 


1N4734 1M5.6AZ 
1M5.6ZS 


1N4735 | 1N3828 1M6. 2AZ 
1M6.2ZS 


1N4736 | 1N3829 1N3016 | 1M6.8AZ 
1M6.8Z 
1M6.8ZS 


1N4737 1N3830 | 1N3017 | 1M7.5AZ 
1M7.5Z 
1M7.5ZS 


1N4738 | 1N3018 | 1M8.2zZ 
1M8.2ZS 


1N4739 1N3019 | 1M9.1AZ 
1M9.1ZS 


1N4740 1N3020 | 1M10AZ 
1M10ZS 


1N4741 1N3021 1M11AZ 
1M11ZS 


1N4742 1N3022 1M12AZ 
1M12ZS 


1N4743 1N3032 1M13AZ 
1M13ZS 


1N4744 1N3024 1M15AZ 
| 1M15ZS 


1N4745 1N3025 1M16AZ 
1M16ZS 


1N4746 1N3026 | 1M18AZ 
1M18ZS 


1N4747 1N3027 1M20AZ 
1M20ZS 


1N4748 1N3028 1M22AZ 
1M22ZS 


1N4749 1N3029 1M24AZ 
1M24ZS 


1N4750 1N3030 | 1M27AZ 
1M27ZS 


1N4751 1N3031 1M30AZ 
1M30ZS 


are not equal so 
selection is 


required 
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SPECIFICATIONS TYPE NO. 


Nominal | Test Replac Festure or 

. EIA EIA Motorola pee NEC Products 
Voltage | Current Number Number Number ability and Remarks 
Vz(V) Iz(mA) me 


1N4752 1N3032 | 1M33AZ 
1M33ZS 


1N4753 1N3033 | 1M36AZ 
1M36ZS 


1N4754 1N3034 | 1M39AZ 
1M39ZS 


1N4755 1N3035 | 1M43Z 
1M43ZS 


1N4756 1N3036 | 1M47Z 
1M47ZS 


1N4757 1N3037 | 1M51Z 
1M51ZS 


1N4758 1N3038 | 1M56Z 
1M56ZS 


1N4759 1N3039 | 1M62Z 
1M62ZS 


1N4760 1N3040 | 1M68Z 
1M68ZS 


1N4761 1N3041 1M75Z 
1M75ZS 


1N4762 1N3042 | 1M82Z 
1M82ZS 


1N4764 


5 


- 1N3051 1M200Z 
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SPECIFICATIONS 


Nominal 
Voltage 
Vz(V) 
















Feature of 
NEC Products 
and Remarks 








NEC 
Number 

















Replace- 


Sescosem IgT ability 


Number 


Test Current 
Iz (mA) 


(ITT) |(Sescosem) 
























3.9 60 BZX85-C3V9 ZPY3.9 © Vz test conditions are 
4.3 50 BZX85~C4V3 ZPY4.3 © not equal, so selec- 
4.7 45 BZX85-C4V7 ZPY4.7 © tion is required 
5.1 45 BZX85-C5V1 | ZPY5.1 © 
5.6 45 BZX85-C5V6 ZPY5.6 © 
6.2 35 BZX85-C6V2 ZPY6.2 © 
6.8 35 BZX85-C6V8 ZPY6.8 © 
7.5 35 BZX85-C7V5 ZPY7 .5 © 
8.2 25 BZX85-C8V2 ZPY8.2 © 
9.1 50 25 BZX85-C9OV1 ZPY9.1 RD9.1F © 
10 50 25 BZX85-C10 ZPY10 RD1OF © 
11 50 20 BZX85-C11 ZPY11 RD11F © 
12 50 20 BZX85-C12 ZPY12 RD12F © 
13 50 20 BZX85-C13 ZPY13 RD13F © 
15 50 15 BZX85-C15 ZPY15 RDL5F © 
16 25 15 BZX85-C16 ZPY16 RD16F © 
18 25 15 BZX85-~C18 ZPY18 RD18F © 
20 25 10 BZX85-C20 ZPY20 RD20F © 
22 25 10 BZX85~C22 ZPY22 RD22F © 
24 25 10 BZX85-C24 ZPY24 RD24F © 
27 25 8 BZX85-C27 ZPY27 RD27F © 
30 25 8 BZX85-C30 ZPY30 RD33F © 
33 25 8 BZX85-C33 ZPY33 RD33F © 
36 10 8 BZX85-C36 ZPY36 RD36F © 
39 10 6 BZX85-C39 ZPY39 RD39F © 
43 10 6 BZX85-C43 ZPY43 RD43F © 
47 10 4 BZX85-C47 ZPY47 RD47F ‘o) 
51 10 4 BZX85-C51 ZPY51 RD51F © 
56 10 4 BZX85-C56 ZPY56 RD56F © 
62 10 4 BZX85-C62 ZPY62 RD62F © 
68 10 3.7 | BZX85-C68 ZPY68 RD68F © 
75 10 3 BZX85-C75 ZPYT5 RD75F © 
82 10 3 BZX85-C82 ZPY82 RD82F © 
91 5 2.8 | BZX85-C91 ZPY91 RD91F © 
100 5 2.5 | BZX85-C100 ZPY100 RD100F © 








2) Voltage Reference Diodes (Temperature Compensated) 


SPECIFICATIONS 


Test 
Current 
Iz(mA) 


Nominal 
Voltage 
vz(V) 

















Temperature 
Coefficient 


7 2(£/°C) 


1N4570 
1N4571 
1N4572 
1N4573 


1N4574 


1IN4570A 
IN4571A 
1N4572A 
1N4573A 


1N4574A 














EIA/JEDEC 
Number 


1N3500 
1N3496 
1N3497 
1N3498 


1N3499 
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NEC 


Sescosem Number 


Number 


1SZ45A 


1SZ46A 


1SZ47 


18Z48 


1SZ45A 


18Z46A 


1SZ47A 














Replace- 
ability 





Feature of 
NEC Products 
and Remarks 


DO-35 Package 
Temperature 
Range 

225 ~- 75°C 


18Z53 
0 ~ 75°C 


DO-35 Package 
Temperature 
Range 

-10 ~ 60°C 


Suffix A Type 
-40 ~ 100°C 








Main Specification ; Feature of 
Replace- 


Type No. Package oa NEC Products 
Ip(A) esi (Vv) Others ability and Remarks 


MOTOROLA . 


2N5060 0.5 Igqp = 0.2mA N203YY 


2N5061 0.8(RMS) Iq <5mA N203YY 
2N5062 (Tc=67°C) Igp <= 0.35A N203A 
2N5063 (at To=-65°C ) N203B 
2N5064 


40.514 
at To=25°C 


OOO00 





0.5 . 


































































bu 103i 0.8 (RNS) 36. | IGT = O.2mA ‘N2023¥ O AO.52A 
EC103A (Tc=67°C ) 100 |Iy < 5mA TO-92 N203A oO at To=25°C 
EC103B 200 dv/dt >4V/pS N203B QO 
EC 103D 400 N203D @) 
2N5060 0.5 30 |Igp < 0.2mA N203Y¥ ©) 

0.8(RMS) Igp S 0.35mA AO.51A 
2N5062 (Tc=67°C ) 100 (at To=-65°C) TO-92 N203A O at To=25°C 

Iy =< 5mA 
2N5064 200 |Iy = 10mA N203B O 
(at To=-65°C) 
TRANSITRON 

2N5060 Iy < 0.35mA N203YY 6 AO.514 
2N5061 Iy < 10mA TO-92 N203YY ©) at To=25°C 
2N5062 (at To=-65°C) N203A O 
2N5063 N203B O 
2N5064 N203B O 
RTJ103 N203X¥ ‘) 
RTJ106 400m Igr = 100pA N203Y¥ oO Q0.51A 
RTJ110 (Tcp=80°C) Iq = 5mA TO-92 N203A O at Te=25°C 
RTJ120 ItsmM=5A N203B O 
RTJ130 N203C 5 
RTJ140 N203D O 













RTJ103-1 
RTJ106-1 
RTJ110-1 
RTJ120-1 
RTJ130-1. 
RTJ140-1 





Igt = 2uA 
Iq 5m > 
I 








-400m 
(Tc=80°C) 
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Main | Main Specification | NEC Reviace= Feature of 
VORM Package Number ability NEC Products 
Ip(A) Others and Remarks 
TRANSITRON 


RTJ103~2 Igp 25pA N203¥Y 
RTJ106-2 Iq <5mA N203YY AO.51A 

RTJ110-2 =80 ITSM=5A N203A - at Te=25°C 
RTJ120-2 N203B 
RTJ130~2 N203¢ 
RTJ140~2 N203D 








TEXAS 
INSTRUMENTS Igt <0.2mA 
TIC 45 Iy <5mA R. O0.3A 
T1C 46 =25° Ipgm=6A at Ta=35°C 
T1C 47 (repetitive) 








UNITRODE 
2N5060 N203YY 
2N5061 255m Igp <0.35mA N203YY 4O.51A 
2N5062 (Tc=102°C) Ty =< 10mA N203A at Te=25°C 
2N5063 (at Tco=-65°C) N203B 
2N5064 N203B 





2N6564 Ig? < 350pA AO.51A 
Ty <10mA at Te=25°C 


2N6565 = (at Tc=-65°C) 





GE 


O 


C203Y 
-65~125°C - C203YY 
Igp < 200HA C203A 

C203B 





C203Y 

C203YY 
Igp <500uA ; C203A 
Iq <10mA _ C203B 
(at Tce=-65°C) C203C 

C203D 


©9O0OoOoOaO}dDOC0O 
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eo 


Main Specification 


5 
(Tc=80°C) 


Ipgy=100A 
(60Hz) 
di/dt=100A/us 
dv/dt =10V/pS 
tgt <2.5uS 
tq S35uS 
Igr <25mA 


Feature of 
NEC Products 
and Remarks 


Replace- 
ability 


Almost 
equivalent 


ratings 





S2800F 
$2800A 
$2800B 
$2800C 
$2800D 
S2800E 
S2800M 
$2800S8 


GE 
C1071 
€10792 
C10793 
C10794 
C107Y¥ 
C107F 
C107A 
C107B 
c107¢ 
C107D 


6.4 
(Tc=75°C) 


4.0(RMS ) 


Itgm=l00A 
(60Hz) 
ai/dt=100A/uS 
tet =2.5u5 
tq <35uS 
Igt =15mA 


Tj Vt™ C106Q1 
{ ' C10692 
40 ~ 110°C €10693 
2.5V C1O6YT J 
Ip=4A C1O6FT J 
C1O6AT | 
C106BF J 
Node C106CT J 
Tgp <500HA C106DI J 











Almost 
equivalent 
ratings 


Forming 
(BASIC TYPES) 


Oro © 


OG OO O70 
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Main | Main Specification | NEC Replace- Feature of 
Type No. VDRM Package Minbar aye! NEC Products 
nai eres ; " oe oe 


C106Q1 VM C106Q91 
C106Q2 C106Q2 
C106Q3 | C 10693 
C106Q4 : ~40 ~ 110°C C 10604 
C106Y C106YT J 
C106F C106FF J 
C106A é C106AP J 
C106B = C1O6BF J 
C106C C106CT J 
C106D | | C106DI J 
Igp s 200HA 


© 


Forming 
(BASIC TYPES) 


© © 


TYPE 


© © © 





© oO © 





MOTOROLA ( 60Hz ) 
2N4441 Fi Ipgy=80A MISCEL higher ratings 


2N4442 =75°C Igr <60mA LANEOUS TpgM=90A 
2N4443 IT j=-40~100°C low Igp(s 25ma) 
2N4444 MV10 Package 


Ip( RMS)=8A 
2N6395 ; . (60Hz) JEDEC é Igp( Ss 25mA) 
2N6396 =94° Igp <30mA TO-220AB 
2N6397 Tj=-40~125°C 

2N6398 

2N6399 


2N6394 Tpsy=l00A 








Non Isolated 
Type 


MISCEL- 
LANEOUS 





ee ee > 





TECCOR 
$0306L 
$0506L 
$1006L 
$2006L 
S4006L 
$6006L 


S0308L 
S0508L 
$1008L 
S2008L 
S4008L 
S86008L 


SO310L 
S0510L 
$1010L 
$2010L 
S4010L 
S6010L 


Main Specification NEC 
Type No. VDRM Package Naber 
Ip( A) VRRM (V) Others 


5.1 
(Tc=80°C) 
6 (RMS) 


6.4 
(Tce=80°C) 
10 (RMS) 


5.1 
(Te=77°C) 


Ipgm=100A 
(60Hz) 

Igt < 15mA 

dv/dt2 30V/uSs 

Tj=-40°~100°C 

Insulated 

Type 


Replace- 
ability 





Ipgy=100a 
(60Hz) 

Igp s 15mA 

dv/dt2 30V/ys 

Tj=-40~100°C 

Insulated 

Type 


> bP Bb PRP DB 





Feature of 
NEC Products 
and Remarks 


High Ratings 
Non Isolated 
Type 





Ipgm=100A 
(60Hz) 
Igt = 15mA 


dv/dt230V/ps 
Tj=-40~100°C 
Insulated 
Type 


> bP DP PB 


Almost 
equivalent 
ratings 

Non Isolated 
Type 





IpgmM=90A 
(60Hz) 
aIp/at=100A/ysS 
av/dt 210V/pS 
Igp = 25mA 
Ver = 1.5V 
Tj=-40~100°C 


COOOCGCOO 


Equivalent 


ratings 





3. TRIAC 


1) Ip (RMS) =~ 1A 


Main | Main Specification | Feature of 
Replace- 


Type No. ao NEC Products 


MOTOROLA 
MAC94-1 Almost 
MAC94-2 equivalent 
Iqgp I,111I,1V 
S5mA 


MAC94—3 

MAC94—4 : Igp I,III,1V 
MAC94—5 <10mA 
MAC94—6 Ig II 
MAC94-7 <10mA 


© © © 


© 


MAC94-8 





MAC94A-1 - Almost 
MAC94A-2 - equivalent 
MAC94A-3 ACOV8BGM Igp I,III,1V 
MAC94.A-4 3 TegilyDegkllg ACOV8BGM <5mA 
MAC94A~5 IV - ACOV8DGM 
MAC94A-6 <10mA ACOV8DGM Igp Il 
MAC94A-7 - = 10mA 
MAC94A~8 = 





MAC95—1 Almost 





MAC95—~2 equivalent 
MAC95~3 ACOV8BGM Igp 1,112,1¥ 
MAC95 -4 : Igp I,1II,1V ACOV8BGM <5mA 

MAC 95-5 =5mA ACOV8DGM 
MAC95—6 ACOV8DGM Igp Il 
MAC 95-7 = 10mA 
MAC95-8 








MAC95A-1 
MAC95A~2 
MAC95A-3 ACOV8BGM Can be replaced 


MAC95A-4 ; Igp I,11,1I11, ACOV8BGM by selection 
MAC95.A-5 IV ACOV8DGM 

MAC95 A-6 <5mA ACOV8DGM 

MAC95A-7 7 

MAC95A-8 2 
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Main Specification NEC Repiseés Feature of 


Package ae NEC Products 
a oe ee — saan 


ACOV8BGM Can be replaced 
Igp I, III, IV ACOV8BGM ( by selection. 
<3mA ACOV8DGM 

ACOV8DGM 





UNI TRODE 
IB202 . ACOV8BGM Almost 
IB204 ACOV8DGM equivalent 
1B206 2 Ign 1,111, IV 
=5mA 
Igp II 
=10mA 


TECCOR 
L200E3 . Igp I,1I,1II, ACOV8BGM Igqp II 
L400E3 IV ACOV8DGM x not guaranteed 
=< 3mA 


L200E5 . Igp I,II,III, ACOV8BGM Can be replaced 
L400E5 IV ACOV8DGM by selection 
= 5mA 





Q200E3 . ACOV8BGM Almost 
Q400E3 ACOV8DGM equivalent 
Ig7 I,III,IV 
=5mA 
Igp I1 
=< 10mA 





Almost 


I I,II,III equivalent 

IV Ig7p I,III,IV 

<= 10mA ( =5mA 
ACOV8DGM Igqz II 


= 10mA 


GT 
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3. TRIAC 


2) 


Ip (RMS) = 2 ~ 4A 





Type No. 


MOTOROLA 
2N6068 
2N6069 
2N6070 
2N6071 
2N6072 
2N6073 
2N6074 
2N6075 


— 
2N6068A 


2N6069A 
2N6070A 
2N6071A 
2N6072A 
2N6073A 
2N6074A 
2N6075A 


2N6068B 
2N6069B 
2N6070B 
2N6071B 
2N607 2B 
2N6073B 
2N6074B 
2N6075B 


TECCOR 
Q2003L3 


9400313 
—_——_— 
9200314 


9400314 


Q2003LT 
94003LT 








Mein Specification 


Vv Package 
Ip(A) DEM (Vv) Others 
Ter T7gM 
25 I, III =30A 
50 <30mA (60Hz) 
100 ITM 
200 =30A 
300 Igt (60Hz) 
400 Er, 111 
4 500 <30mA Tj=-40 MISCEL- 
(Tc=85°C ) 600 ~110°C LANEOUS 
ea! eee MU47 
25 
50 Ign 
100 I,III,IV 
200 <20mA 
300 
400 | 
500 
600 
25 
50 Igq 
100 I,III,IV 
200 <15mA 
300 
400 Igp II 
500 <20mA 
600 
200 Igp I,1II | Ipgye30A 
400 <10mA (60Hz) 
as (av/at)e | JEDEC 
(Tc=80°C) 200 Tet IIIT} Sovsus | 70-220AB 
400 <25mA 1j=-40 
200 | Built-in | ~100°C 
400 Diac Insulated 
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SC 136B 
SC136B 
SC136B 
SC 136B 
SC136D 
SC136D 
ACO3EGM 
ACO3FGM 


Replace- 
ability 


©O0oeqgogd0d 





SC136B 
SC136B 
SC136B 
SC 136B 
SC136D 
SC 136D 
ACO3EGM 
ACO3FGM 


SC 136B 
SC136B 
SC136B 
SC136B 
S8C136D 
S8C136D 
ACO3EGM 
ACO3FGM 


SC136B 
SC136D 


SC136B 
8C136D 


SC136B 
SC 136D 








© © 


G©Goo 


© © 


©9O0O0OO OC 6 


CO. hs $C) 





Feature 
NEC Products 


and Remarks 





Almost 
equivalent 
TO-202AA 


ANon-isolated 


N4134+ACO03[ | GM 
























Main Specification 















Replace- 
ability 








Feature 
NEC Products 
and Remarks 





















TC0440 






TC0450 






TCO460 





400 
4 
(Tc=100°C)} 500 
600 


Igt I,III 
<35mA 
Ig7p IV 
S25mA 
Igp II 


JEDEC 


TO-220AB 


$C141D 


SC141E 


SC141M 


92004L4 TptgM=30A SC141B e) ANon-isolated 
04004L4 400 Igp 1,111 | (60Hz) SC141D oO 
Y5004L4 500 < 25mA (dv/dt)c SC141E O 
2 
06004L4 600 22V/us send SC141M | O 
7 Tj=-40 Z 
Q2004LT 429 200 100°C 0 -Ae ORB Soin e) N41348C141 
(Tc=80°C) eee! f “a 
Q4004LT 400 Built-in | + culated $c141D O 
Q5004LT 500 Diac SC141E O 
96004LT 500 L SC141M =) 
aoe ot —| Jiao 
ITT 4 Ipgy=404 
TC0420 (Tc=100°C)} 200 (50Hz) SC141B © High I,,(RMS) 


(80A) 
AlIgp II 


Not guaranteed 








SC136B 






SC136D 









SC137A 






SC137B 











8C137D 








(To=65°C) 200 


Ipgm=30A 

(60Hz) 

(dv/dt)c 25V/pS 
Igp I,1II,1V 
S25mA 
Vor 1,111, 1V 
<2.0V 
Tj=-40~110°C 


JEDEC 


TO-202AA 










SC136B 


SC136D 


Almost 


equivalent 





100 
(Tce=65°C) 200 


400 





— 


IqgmM=30A 
(dv/dt)c 25V/uS 
Igp I, II,1II,IV 
<10mA 
Vet 1,11, 11I,1V 
<1.5V 





JEDEC 
TO-202AA 





SC136B 


SC136B 

















Igt: Selection 
is available 
SC136M (600V) 
SC136E (500V) 








3) Ip (RMS) = 6A 


Main Specification fepiace- 
Package ability NEC Products 
Others i and Remarks 
RCA 


T2506B Ipgm=60A (60Hz) SC141B 
T2506D di/dt=70A/us $C141D x Igp II: 

(dv/dt)c 24V/uS JEDEC Not guaranteed 
Igy I, II <45mA TO-220AB 





T2801B 6.0 Itgm=80A (60Hz) JEDEC SC141B Almost 

T2801C (Te=80°C) di/dt=70A/uS TO-220AB} SC141D equivalent 
T2801D (dv/dt)c 22V/pS Sc141D 
T2801E Igp I,1II <80mA SC141E 


T2500B Ipgy=60A (60Hz) JEDEC SC141B 
T2500D di/dt=70A/pS TO-220AB] SC141D 
(dv/dt)c 24V/uS 


Igqp I, TIT $25mA 
Igp II, IV <60mA 








—+ 


Ipgy=l00A (60Hz) MISCEL- | SC141B Noncasolatea 
Igp I,III $50mA LANEOUS | SC141B 
Ig II, IV <80mA SC141B 
Isolated type MU29 SC141D 
SC141D 
SC141E 
Sc141M 











SSC 
TXAL116 No ItgmM=LOOA| JEDEC SC141B 
TXAL226 insulated 8C141D 
TXAL606 Igp I, III] TO-220AB; SC141M 





TYAL116 SC141B 
TYAL226 i insulated $C141D Non~isolated 
TYAL606 SC 141M 





TECCOR 
Q2006L4 SC141B Non-isolated 
Q4006L4 $c141D 
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TECCOR 
Q5006L4 
Q6006L4 


Q2006LT 
Q4006LT 
Q5006LT 
Q6006LT 


ITT 
TC0620 


TC0640 


TCO650 
TCO660 


GE 
SC141B 


8c141D 
SC141E 


§C 141M 





Main Specification 


6 
(Tc=100°C) 


6A 
(TC=80°C ) 








Package 


Ing y=80A JEDEC 
(60Hz) TO-220AB 
(dv/dt)e 


22V/uS 
Tj=-40 


~100°C 
Isolated 


SC141E 
SC141M 


S8C141B 
SC111D 
SC141E 
SC141M 


Replace- 
ability 


Feature 
NEC Products 
and Remarks 


Non-isolated 


N413+S8C141 








Ipgy=60A JEDEC 
(50Hz) 

Igp I,1II 
S35mA 

Igp I1V<25mA 
Igp II $55mA 
Tj=-40~120°C 


TO-220AB 


8C141D 


SC141E 
8C141M 


Ip (RMS ) : High 


Ipgy: High 
(80A) 
ler II: 


not guaranteed 








ItgM=80A 

(60Hz) 

(dv/dt)c 24V/pS 

Igp I,1I1,IV 
IV 

< 50mA 

Ver I,1II,1V 

S2.5V 

Tj=-40~100°C 
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$141B 


8C141D 
SC141E 


SC141M 








Almost 


equivalent 





4) Imp (RMS) = 8A 


Type No. 
RRM 























Feature of 
NEC Products 
and Remarks 






Replace- 
ability 













NEC 
eee ae 


RCA 
















T2860B 8 200 Itgy=l00A (60Hz) JEDEC SC143B Almost 
T2806D (Tc=80°C) 400 di/dt=70A/uS TO-220AB} SC143D equivalent 
(dv/dt)e 24V/us Rating 
Igp I,II <45mA Igp II: not 
guaranteed 
100 













T2850A Ipgm=100A (60Hz) JEDEC SC143B Almost 
T2850B 8 200 di/dt=70A/S TO-220AB| SC143B equivalent 
T2850D (Te=80°C ) 400 (dv/dt)e 24V/us $C143D Rating 


Igp I,III S25mA Non~isolated 


Igp 11, IV <60mA 












Igqp II: not 






guaranteed 





Isolated type 





Almost 













T2856B 8 
T2856D (Te=80°C ) 


SC143B 
8C143D 


JEDEC 
TO-220AB 





Ipgy=l00A ( 60Hz ) 
ai/dt=70A/pS 
(dv/dt)c 24V/uS 
Tgp I, II S45mA 
Isolated type 


















equivalent 





Rating 









Non-~isolated 











Ier II: no 


guaranteed 





T2800B Ipgy=lO0A (60Hz) JEDEC SC143B Almost 







































T2800C (Tc=80°C) 300 di/dt=70A/pS TO-220AB| SC143D x equivalent 
72800D 400 | (av/at)e 24V/us Sc143D x | Rating 
T2800E Igp I, IIIs 25mA SC143E x Igqt If: not 
T2800M SC 143M x guaranteed 


Igp II, III S60mA 















T2802B 
T2802C 
T2802D 
T2802E 
T2802M 


8.0 
(Tc=80°C) 


Almost 






Ipgy=l00A (60Hz) 
di/dt/70A/ US 
(dv/dt)c 24V/uS 
Igp 1,11] $50mA 


SC143B 
8C143D 
S8C143D 
8C143E 
SC 143M 


JEDEC 
TO-220AB 
















equivalent 








Rating 











MOTOROLA 


























2N6342 8 200 | Ingy=100A (60Hz) JEDEC | SC143B © 

2N6343 (Te=80°C)| 400 | Igy I,111s50mA 70-220aB| SC143D © | Almost 
2N6344 600 | Igp II,IVS75mA SC143M © | equivalent 
2N6345 800 : x 
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Type No. 


MAC 220-2 
MAC 220-3 
MAC 220-5 
MAC 220-7 
MAC 220-9 


ssc 
TXALL18 
TXAL228 
TXAL608 


TYAL118 
TYAL228 
TYAL608 


TECCOR 
9200814 
94008L4 
Q5008L4 
Q6008L4 


Q2008LT 
Q4008LT 
Q5008LT 
Q6008LT 


ITT 
TCO820 
TCO840 
TCO850 
TCO860 


Main Specification 


Ip(A) VDRM (V) Others 
RRM 


8 
(Tc=80°C ) 


8 
(Tc=75°C ) 


8 
(Tc=80°C) 





8 
(Te=95°C) 





Tpgy=l00A (60Hz) 
Igp I,11I,IV 
=50mA 


Iptgy=1l00A (60Hz) 
Igqp 1,111 <50mA 
Igp II,1V 
=80mA 

Isolated type 


poe 


JEDEC 
TO-220AB 


MISCEL- 
LANEOUS 


MU29 





Non- 


isolated 


type 


Isolated 
type 


Ipgy=100A 


(60Hz) 
(dv/dt)c 
23V/uS 

Tj=-40 
~100°C 
Isolated 
type 


Ipgm=65A (50Hz) 
Igp I, III $35mA 
Igq IV <25mA 
Igp II <55mA 
Tj=-40~120°C 
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IqgM=L10A | JEDEC 


I¢q II,II [| 


TO-220AB 


JEDEC 
TO-220AB 





JEDEC 
TO-220AB 





SC143B 
SC 143B 
SV143D 
S8C143E 
SC143M 


Replace- 
ability 


© Oo 


Feature of 
NEC Products 
and Remarks 


Almost 


equivalent 





SC 143B 
S8C143B 
SC143B 
8C143D 
SC143D 
SC143E 
$C 143M 





Non-isolated 





SC143B 
S$V143D 
SC 143M 


SC143B 
S8C143D 
SC 143M 


[ 


© 
© 
Aa 
O 
Gy) 
O 
1) 
oO 
oO 
hoe 
© 
© 
© 
CO 
Oo 
© 


Almost 
equivalent 


Rating 


Non- 


isolated 





8C143B 
S8C143D 
S8C143E 
SC 143M 





SC143B 
SC 143D 
SC143E 
8C 143M 


SC143B 
SC143D 
SC143E 
SC 143M 





1) 3) Os OO) 


Almost 
equivalent 
Rating 


Non-iso lated 


Almost 
equivalent 
Rating 
N413+8C 143 








Ipgm: High 
120 
Igq: not 


guaranteed 





5) Ip = 


MOTOROLA 
MAC 11-1 
MAC 11-2 
MAC 11-3 
MAC 11-4 
MAC 11-5 
MAC 11-6 
MAC 11-7 
MAC 11-8 


2N6151 
2N6152 
2N6153 
2N6154 
2N6155 
2N6156 


MAC 10-1 
MAC 10-2 
MAC 10-3 
MAC 10-4 
MAC 10-5 
MAC 10-6 
MAC 10-7 
MAC 10-7 


SSC 
TXAL1110 
TXAL2210 
TXAL610 


TYAL1110 
TYAL2210 
TYAL610 


10A (RMS) 


Main Specification 


10 





(Tc=75°C) 








VpRM (Vv) 
RRM 








Others 


Ipgy=100A (60Hz) 
Igp I, TIT =50maA - 


Ingy=l00A (60Hz ) 
Igp I,III <50mA 
Igp IL, IVS75mA 
(2N6151~2N6153) 


Package 


MISCEL- 
LANEOUS 
MU10b 





SC146B 
SC146B 
SC 146B 
SC146B 
SC146D 
SC 146D 
SC146E 
SC 146M 


Replace- 
ability 


Feature of 
NEC Products 
and Remarks 


Almost 
equivalent 


ratings 


Package: 
JEDEC 
TO-220AB 








MISCEL- 
LANEOUS 
MU10 





Ipgm=100A (60Hz) 
Igp I,IV=50mA 
Igp II,IV S75mA 


MISCEL- 
LANEOUS 
MU10b 


SC146B 
SC 146D 
SC 146M 
SC146B 
SC 146D 
SC 146M 


SC146B 
SC146B 
SC146B 
SC146B 
SC146D 
SC 146D 
SC146E 
SC 146M 





pinveulonsaeees 


©O0OGOOH O 


© 


Almost 
equivalent 
rating 
Package: 
JEDEC 
TO-220AB 


Almost 
equivalent 
rating 
Package: 
JEDEC 
TO-220AB 





Ipgy=100A (60Hz) 
Igp I,IIIs 50mA 
Igr II, IV <80mA 


Non~ 


isolated 


Isolated 
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MISCEL- 
LANEOUS 
MU29 


Itgm= 120A | JEDEC 


TO-220AB 





SC146B 
SC146B 
SC146B 
8C146D 
SC146D 
SC146E 
SC 146M 


SC146B 
SC 146D 
SC 146M 


SC 146B 
SC 146D 
SC 146M 





OOOO Or O20 











Almost 
equivalent 
rating 


Non-Isolated 


Almost 
equivalent 


rating 





Non-isolated 


type 


Main Specification _ | Featuee of 
Type No Package pel deo NEC Products 
* | oT “RRM a ae = : = aes 
RR 


M 
TECCOR 
a , ; Almost 
2010 10 00 Igp I,III | ImoyellOA Cc SC146B 
9 Gt” TSM™ esi equivalent 
Q4010L4 400 <= 25mA (60Hz) TO-220AB | SC146D 3 
rating 
(5010L4 (Tc=80°C) 500 (dv/at)c SC146M 
Non-isolated 
Q6010L4 600 23V/uS SC146M type 
Tj=-40 
200 
400 
500 
600 
200 
400 
500 
600 


Q2010LT ~100°C SC146B Almost 
Q4010LT Tacintea 8C146D equivalent 
Q5010LT SC146E rating 
Q6010LT SC146M N413+S8C 146 


ITT 
TC 1020 10 Ipsy=l00A (50Hz) SC146B Igp Mode II 
TC 1040 (Tc=80°C) Ig I, III SC146D Not 
TC1050 =35mA SC146E guaranteed 
TC 1060 Igp IV = 25mA | SC 146M 
Tj=-40~120°C 


type 











GE 
SC146B IpgM=100A (60Hz) SC146B 
10A (dv/dt)c 24V/uS | 
SC146D (Te=80°C) Igq I,III,IV SC146D equivalent 
SC 146E =50mA SC146E 
Ver I,1II,IV 
SC146M S2.5V SC146M 
Tj=~40~100°C 
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6) Ip (RMS) = 15, 16a 


Main Specification NEC Replace- Feature of 
Package ae NEC Products 
VDEM Number ability 
VRRM (Vv) Others and Remarks 


IpgmM=150A AC16BGM 
Tj=100°C 
15 Igp 1,111 TO-220AB 
(Tc=75°C ) =50mA AC16DGM 
Igp II, IV 
=80mA 
AC16DGM 
AC16EGM 
AC 16FGM 
ITT 
TC1620 Ipgy=llda AC16BGM 
TC1640 16 Tj=-40~120°C AC 16DGM 
TC1650 AC16EGM 
TC1660 AC16FGM 
GE 
SC151B Ipgy=120A SC151B 
SC151D Tj=100°C TO-220AB |SC151D 
SC151E Igt 1,11, 111 SC151E 
SC151M IV SC151M 
=50mA 
TECCOR 
Q2015L5 SC151B 
Q4015L5 Ipgu=125.A/150 SC151D 
Q5015L5 (50Hz/60Hz) TO-220AB | SC151E 
Q6015L5 Tj=100°C SC151M 


(dvp/dt)c 
Q2015LT sais SC151B 
Q4015LT SC151D 
Q5015LT SC151E 
Q6015LT SC151M 


75 


Ip(rms): High 


Let Mode II 


Not guaranteed 


Ingy: High 
Tj: High 


Equivalent 


Non-Isolated 
type 





N413+8C151 





i jess [eves — — 


4. TRIGGER DEVICES 




























1) PUT 
Main Specification Feature of 
Type No. Package ee Repreces NEC Products 
P Vak | ItRm Ip Iv Others Number | ability and Remarks 
(mW) | (V) | (A)> (uA) | (pA) 
| GE 
2N6027 2N6027 © 
(D13T1) sie esis (D13T1) 





OlIp: low 
° High stability 










2N6028 
(D13T2) 


2N6028 


TO-98 (D13T2) 


D13T3 





UNITRODE 








Tstg 
-55~150 






U13T1 TO-18 |N13H1 © 








° High stability 
4 Ippy=2a 
(20us ) 



















Tstg 


~55~150 TO-18 |N13H2 © 






Tstg 
-55~150 













Tstg 
-55~150 






olIp: low 
°High stabilit 
2N6028 ? ss 


cs (N13T2) 








2N6119 











N13H1 
High stability 
4ST pRM=2A 

(20us) 












2N6120 N13H2 © 









Note 1: 
Ta=-55°C 
Note 2: 

Ta=125°C 








AIp-lv: not 
guaranteed at 
High and Low 
Temperature. 

can be replaced 
by NEC Type From 
Distribution 








2N6137 N13H1 © 










2N6138 


2N6027 
(N13T1) . | 
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syne vo, feewpe_nitin Specification 
° - VAK | /TRM Tp a Others 
(mw) | (V) | (A) (wA) | (ua) 











Main Specific 

















ation 









Package 










































































Feature of 
NEC Products 
and Remarks 



























































































JTOROLA 
2N6027 
MPU131 300 To-2 |?N6O27 
© Ip: low 
© High stability 
MPU132 300 TO-92 fais 
MPU133 300 2N6028 
(N13T2) 
2N6027 
MPU231 250 (2371) 
N13H1 Oo Ip: low 
2N6028 ° High stabi lity 
MPU2 32 250 hee 
2N6028 
MPU233 250 (N1372, 
N13H2 
4 
ILEC 
2 70 
TUPIA +40 (iM) (ioe) 
TUP2A 0.2 25 oOHigh stability 
(1M) | (10K) 
5) 70 
a (10K) | (10K) 
1 25 
ae (10K) | (10K) 
5 70 
nan (10K) | (10K) 
ones 
{ICRO 
jLECTRONICS 
2 70 2N6027 
MEU21 300 |+40 20us (1M) (10K) any 
MEU22 300 0.15 25 2N6028 


(1M) 











(10K) 








(N13T2) 
























2) UIT 






GE 







2N489 












2N490 







2N491 





2N492 





2N493 





2N494 





D5E-43 





D5E-44 





D5E-45 


2N1671 








2N2160 











2N2417 



















2N2418 





2N2419 






2N2420 





2N2421 





2N2422 





2N2840 





2N2646 





2N2647 


Type No. P = 
(mW) | (v) 


60 


60 


60 


60 


60 


60 











Main Specification 


(A) (uA) | (mA) 


12 
6 
216} 
12 
6(B) 
2(C) 
12 
6(B) 
2(C) 
12 
6(B) 
2(C) 
12 
6(B) 
2(C) 
12 
6(B) 





~6.8K 
7=0.51 
~0.62 
RBpo=6. 2K 
~9.1K 
Rppo=4- 7K 
~6. 8K 
7 =0.56 
~0.68 
Rppo=6. 2K 
~9.1K 
RBBO=4. 7K 
~6.8K 
7=0.62 
~0.75 
Rppo=6. 2K 
~9.1K 


0.68~0.82 















0.68~0.82 


0.68~0.82 


0.47~0.62 


0.47~0.80 
Rppo=4.- 7K 
~6.8K 
7=0.51 
~0.62 
RBBO=6. 2K 
~9.1K 
Rppo=4- 7K 
~6.8K 
) =0.58 
~0.68 
RBBO=6. 2K 
~9.1K 
Rppo=4. 7K 
~6.8K 
7 =0.62 
~0.75 
Rppo=6. 2K 
~9.1K 
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Package N 
7-, (Others) 










TO-18 





TO-18 









TO-18 


TO-18 









































Replace- 
ability 









) 








Feature of 
NEC Products 
and Remarks 






























© 7+ 0,61+0.03 
° Rpg: high 

° Stable 

4 Vp7R=30V 







on: 0,614+0.03 

Oly: high 

SPackage 
28H23: TO-5 
28H25: TO-92 














on: 0.6140.03 
olp: low 













oN: 0.6140.03 
OTp: low 
Stable 
AVB2R=30V 
4Package 
2SH23: TO-5 
28H25: TO-92 











Power Supply 
Voltage: 7V MIN 





on: small 
deviation 
OIp: low Ivy: High 
oHigh stability 
(2SH23: TO-5) 
(2SH25: TO-92) 














Main Specification 


Type No. P Vion Imm as Te 
(mW) } (vy | (a) | (uA) J (may | 72 


(OTOROLA 


2N4851 


2N4852 


2N4853 


2N4870 
2N4871 


2N4891 
(MU4891) 


2N4892 
(MU4892) 


2N4893 
(MU4893) 


2N4894 
(MU4894) 





2N4947 


2N4948 


2N4949 
2N3980 


2N5431 





MU85 1 
MU852 





MU85 3 


iSTLEC 
2N3479 
2N3480 
2N3481 
2N3483 
2N3484 


BB-12 


BB-14 


BB-18 


2N1671AX 
2N1671BP 
2N1671BX 
2N1671CX 


Feature of 
NEC Products 
and Remarks 


Replace- 
ability 


Package 
4, (Others) 


-75 small deviatio 
erye High 

oHigh stability 
4Package 


4Ip Special spec. 


on: 0.6140.03 
olv: High 
oHigh stability 


«85 
+85 


+75 
-85 


-82 


.69 oy: 0.6140.03 
olv: High 


OHigh stability 





055~0.82 


0.74~0.86 


on: 0.614+0.03 
olv: High 
OHigh stability 


-69 


| 


-82 


4Ip Special spec. 


APackage 
2SH23: TO-5 
28H25: TO-92 
(Mold type) 
Ip Special spec. 











4Package 
2SH25: TO-92 
(Mold type) 


4Ip Special spec. 





©7 :0.6140.03 
OIp: Small 


olIv: High 
oHigh Stability 


oy: small deviatio 
oIp: low Iv: High 
oHigh stability 
APackage 
2S8H23: TO-5 
25H25: TO-92 





on: small deviatio 
oIp: low 

OHigh stability 
4TIp Special spec. 
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3) DIAc 





D3202Y 
(45411) 


D3202U 
(45412) 


40583 
1N5411 







Ls) 


ie) 





MOTOROLA 
1N5758A 
1N5758 
IN5759A 
1N5759 
1N5760A 
1N5760 
IN5761A 
1N5761 
1N5762A 
1N5762 













BO MO NH NY NY NY NY NY NY NY 





THYROTEX 
D24 
D30 
D32 
D40 





2 
2 at 50°C 
2 at 50°C 
2 














D-30 2 at 50°C 











Main Specification 


NEC 
see ae 


Replace- 
ability 


HY 












Feature of 
NEC Products 
and Remarks 






replaceable 
by Ipo selection 










MU46 
MU46 
MU46 
MU46 
MU46 
MU46 








20~29 
28~36 
28~36 
35~44 





200 
200 








N413 
N413 
N413 
N413 
N413 





28~36 200 
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different package 
A" 
N413 
—o}— 








INT J A 
Ipo special spec. 




































METAL OXIDE 
VARISTOR 


CROSS REFENCE LIST 


SIEMENS v.s. NEC 
VALVO v.s. NEC 
GE — v.s. NEC 
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Da ee et ke 


NOTICE ON USE 


. Products are classified in accordance with TYPE and MAKERS. 


. Main. Ratings of SIEMENS, VALVO and GE’s products, features of NEC's 
products and points required by replacement are listed. . 
For further comparison, refer NEC’s catalogues. 


. Symbols of List are as follows. 


Varistor Voltage * ; Minimum 
; Superior, can be replaced without any problem. 


Replace ability o) 
© ; Almost equivalent, can be replaced with a little caution. 
A 


; Further consideration required. 


. This material must be handled as “‘secret”’. 
Don’t hand this to customers. 
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1/4 
SIEMENS 
TYPE NO. 


Varistor 
Voltage 
(TYP) 
(Vv) 


Allowable Voltage 





RMS Voltage 
(V) 


DC Voltage 
(V) 


Peak 
Current 
8x20us 

(A) 


NEC 
Number 


Replace 
ability 


Remarks 





SIOV-SO5K11 
SIOV-SO5K14 
SIOV-SO5K17 
SIOV-SO5K20 
SIOV-SO5K25 
SIOVO-SO5K30 
SIOV-SO5K35 
SIOV-SO5K40 
SIOV-SO5K50 
SIOV-SO5K60 
SIOV-SO5K75 
SIOV-SO5K95 
SIOV-SO5K130 
SIOV-SO5K140 
SIOV-SO5K150 
SIOV-SO5K175 
SIOV-SO5K230 
SIOV-SO5K250 
SIOV-SO5K275 
SIOV-SO5K300 


18 
22 
27 
33 
39 
47 
56 
68 
82 


11 
14 
17 
20 
25 
30 
35 
40 
50 
60 
75 
95 


14 
18 
22 
26 
31 
38 
45 
56 
65 
85 


+4 


NV022D05 
NV027D05 
NV033D05 
NV039D05 
NV047D05 
NV056D05 
NV068D05 
NV082D05 
NV100D05 
NV120D05 
NV 150D05 
NV200D05 
NV220D05 
NV240D05 
NV270D05 
NV360D05 
NV390D05 
NV430D05 
NV470D05 


OO 0 0 0 0 0 0 0 0 OO RP OO O09 0 0 09 9 





No. Pulses 
of 

Rated Peak 

Current: 


SIEMENS: 1 pulse 
NEC: 2 pulses 
1 Pulse Rating 
is equivalent 
to SIEMENS 
TYPE 
(100 and 400A) 


A: Different 
1 pulse 
Peak Current 
Rating: 100A 





SIOV-SO7K11 
SIOV-S07K14 
SIOV-SO7K17 
SIOV-SO7K20 
SIOV-S07K25 
SIOV-SO7K30 
SIOV-SO07K35 
SIOV-S07K40 
S!OV-S07K50 
SIOV-S07K60 
SIOV-SO7K75 
SIOV-S07K95 
SIOV-S07K130 
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NV022D07 
NV027D07 
NV033D07 
NV039D07 
NV047D07 
NV056D07 
NV068D07 
NV082D07 
NV100D07 
NV120D07 
MV 150D07 
NV200D07 





oO 0 0 P RP PO 0 0 0 0 








NO. Pulses 
of 
Rated Peak 
Current: 
SIEMENS: 1 pulse 
NEC: 2 pulses 
( 1 Pulse Rating 
is equivalent 
to SIEMENS 
TYPE 
(250 and 1200A) 





A: Different 
1 pulse 
Peak Current 
Rating: 250A 


2/4 
SIEMENS 
TYPE NO. 


Varistor 
Voltage 
(TYP) 
(Vv) 


Allowable Voltage 





RMS Voltage 
(V) 


DC Voltage 
(V) 


Peak 
Current 
8x20ys 

(A) 


NEC 
Number 


Replace 
ability 


Remarks 





SIOV-SO7K140 
SIOV-S07K150 
SIOV-SO7K175 
SIOV-SO7K230 
SIOV-SO7K250 
SIOV-SO7K275 
SIOV-S07K300 


220 
240 
270 
360 
390 
430 
470 


——+t 


140 
150 
175 
230 
250 
275 
300 


180 
200 
225 
300 
320 
350 
385 


NV220D07 
NV240D07 
NV270D07 
NV360D07 
NV390D07 
NV430D07 
NV470D07 





SIOV-S10K11 
SIOV-S10K14 
SIOV-S10K17 
SIOV-S10K20 
SIOV-S10K25 
SIOV-S10K30 
SIOV-S10K35 
SIOV-S10K40 
SIOV-S10K50 
SIOV-S10K60 
SIOV-S10K75 
SIOV-S10K95 
SIOV-S10K130 
SIOV-S10K140 
SIOV-S10K150 
SIOV-S10K175 
SIOV-S10K230 
SIOV-S10K250 
SIOV-S10K275 
SIOV-S10K300 
SIOV-S10K385 
SIOV-S10K420 
SIOV-S10K460 
SIOV-S10K510 
SIOV-S10K550 
SIOV-S10K625 
SIOV-S10K680 
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NV022D10 
NV027D10 
NV033D10 
NV039D10 
NV047D10 
NVO56D10 
NV068D10 
NV082D10 
NV100D10 
NV120D10 
NV150D10 
NV200D10 
NV220D10 
NV240D10 
NV270D10 
NV360D10 
NV390D10 
NV430D10 
NV470D10 
NV620D10 
NV680D10 
NV750D10 
NV820D10 
NV910D10 





Or QO. OO Oe O. > OF Ov Oo VO 21Or "Oe Oe "O° Os Ov Oe FO. Oe Oe On Ou ~O° =O 





No. Pulses 
of 

Rated Peak 

Current: 


SIEMENS: 7 pulse 
NEC: 2 pulses 
1 Pulse Rating 
is equivalent 
to SIEMENS 
TYPE 
(500 and 2500A) 





3/4 
SIEMENS 
TYPE NO. 


Varistor 


Voltage | 


(TYP) 
(V) 


Allowable Voltage 





RMS Voltage DC Voltage 
(Vv) (V) 


Peak 
Current 
8x20us 

(A) 


NEC 
Number 


Replace 
ability 





S!OV-S14K11 
SIOV-S14K14 
SIOV-S14K17 
SIOV-S14K20 
SIOV-S14K25 
SIOV-S14K30 
SIOV-S14K35 
SIOV-S14K40 


18 
22 
27 
33 
39 
47 
56 
68 


1 | 14 
14 18 
17 22 
20 26 
25 31 
30 38 
35 45 
40 56 


NV022D14 
NV027D14 
NV033D14 
NV039D14 
NV047D14 
NV056D14 
NV068D14 





Remarks 








SIOV-S14K50 
SIOV-S14K60 
SIOV-S14K75 
SIOV-S14K95 
SIOV-S14K130 
SIOV-S14K140 
SIOV-S14K150 
SIOV-S14K175 
SIOV-S14K230 
SIOV-S14K250 
SIOV-S14K275 
SIOV-S14K300 
SIOV-S14K385 
SIOV-S14K420 
SIOV-S14K460 
SIOV-S14K510 
SIOV-S14K550 
SIOV-S14K625 
SIOV-S14K680 
SIOV-S14K1000 


82 


50 65 
60 85 
75 
95 


| Nvos2p14 


NV100D14 
NV120D14 
NV150D14 
NV200D14 
NV220D14 
NV240D14 
NV270D14 
NV360D14 
NV390D14 
NV430D14 
NV470D14 
NV620D14 
NV680D14 
NV750D14 
NV820D14 
NV910D14 





No. Pulses 
of 
Rated Peak 
Current: 
SIEMENS: 1 pulse 
NEC: 2 pulses 
1 Pulse Rating 
is equivalent 
to SIEMENS 
TYPE 
(1000 A) 








Serre rrr rer ers errr S| 


NO. Pulses 
of 
Rated Peak 
Current: 
SIEMENS: 1 pulse 
NEC: 2 pulses 
1 Pulse Rating 
is superior 
to SIEMENS 
TYPE 
(5000 A) 





SIOV-S20K11 
SIOV-S20K14 
SIOV-S20K17 











85 














4/4 
SIEMENS 
TYPE NO. 


Varistor 
Voltage 
(TYP) 
(V) 


Allowable Voltage 





RMS Voltage 
(V) 


DC Voltage 
(V) 


Peak 
Current 
8x20us 

(A) 


NEC 
Number 


Replace 
ability 


Remarks 





SIOV-S20K20 
S!OV-S20K25 
SIOV-S20K30 
SIOV-S20K35 
SIOV-S20K40 
SIOV-S20K50 
SIOV-S20K60 
SIOV-S20K75 
SIOV-S20K95 
SIOV-S20K130 
SIOV-S20K140 
SIOV-S20K150 
SIOV-S20K175 
SIOV-S20K230 
SIOV-S20K250 
SIOV-S20K275 
SIOV-S20K300 
SIOV-S20K385 
SIOV-S20K420 
SIOV-S20K460 
SIOV-S20K510 
SIOV-S20K550 
SIOV-S20K625 
SIOV-S20K680 
SIOV-S20K 1000 





33 
39 
47 
56 
68 
82 





20 
25 
30 
35 
40 
50 
60 
75 
95 





26 
31 
38 
45 
56 
65 
85 





86 


| 
| 








NV100D19 
NV120D19 
NV150D19 
NV206D14 
NV220D19 
NV240D19 
NV270D19 
NV360D19 
NV390D19 
NV430D19 
NV470D19 
NV620D19 
NV680D19 
NV750D19 
NV820D19 
NV910D19 





> bP bD DD RP PP Pepe PPP Pp 





No. Pulses 
of 

Rated Peak 

Current: 


SIEMENS: 1 pulse 
NEC: 2 pulses 


1 Pulse Rating 
is little inferior 
to SIEMENS 

TYPE 
(6000 A) 


Different 
diameter 





/1 
VOLVO 
TYPE NO. 


4 


Varistor 
Voltage 
(TYP) 
(V) 


Allowable Voltage 





RMS Voltage DC Voltage 
(V) (V) 


Peak 
Current 
8x20us 

(A) 


NEC 
Number 


Replace 
ability 


Remarks 





2322 592 18202 
2322 592 11012 
2322 592 11512 
2322 592 11912 
2322 592 12212 
2322 592 12712 
2322 592 13312 
2322 592 13512 
2322 592 13912 
2322 592 14712 
2322 592 16212 
2322 592 16812 


82 


(Peak) 75 70 
95 85 
150 
185 
210 
255 
320 
340 
380 
455 
605 
660 





NV100D05 
NV120D05 
NV200D05 
NV200D05 
NV240D05 
NV270D05 
NV360D05 
NV390D05 
NV430D05 
NV620D10 
NV680D10 
NV750D10 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


4 


Different 
external form 


NEC 
lead pitch: 541 mm 
lead @: 0.6 


Different 
Characteristics, 
external form 





2322 594 18202 
2322 594 11012 
2322 594 11512 
2322 594 11912 
2322 594 12212 
2322 594 12712 
2322 594 13312 
2322 594 13512 
2322 594 13912 
2322 594 14712 
2322 594 16212 
2322 594 16812 
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NV 100D07 
NV120D07 
NV200D07 
NV200D07 
NV240D07 
NV270D07 
NV360D07 
NV390D07 
NV430D07 
NV620D10 
NV680D10 
NV680D10 








>bD bP bD DD BD bP BP Bb BP BP DB 


Different 
external form 


NEC 
lead pitch: 5+1 mm 
lead @: 0.6 


Different 
Characteristics, 
external form. 











1/3 
GE 
TYPE NO. 


Varistor 
Voltage 
(TYP) 
(V) 





V18ZA1 
V22ZA1 
V24ZA1 
V27ZA1 
V33ZA1 
V39ZA1 
V47ZAl 
V56ZA2 
V68ZA2 
V82ZA2 
V100ZA3 
V120ZA1 
V150ZA1 
V180ZA1 
V130LA1 
V130LA2 
V150LA1 
V150LA2 
V250LA2 
V250LA4 
V275LA2 
V275LA4 
V300LA2 
V300LA4 


18 
22 
24 
27 
33 
39 
47 
56 
68 
82 


Allowable Voltage 





(Vv) (Vv 


RMS Voltage DC Voltage 


) 


Peak 
Current 
8x20us 

(A) 


NEC 
Number 


Replace 
ability 


Remarks 





ar 


14 
15 
17 
20 
25 
30 
36 
40 
50 
60 
75 
95 


14 
18 
20 
22 
26 
31 
38 
45 
56 
66 
81 


NV022D07 
NV027D07 
NV027D07 
NV033D07 
NV039D07 
NV047D07 
NV056D07 
NV068D07 
NV082D07 
NV100D07 
NV120D07 
NV150D07 
NV200D07 
NV200D07 
NV200D07 
NV240D07 
NV240D07 
NV390D07 
NV390D07 
NV430D07 
NV430D07 
NV470D07 
NV470D07 


» SE 


0 0008€02C0—~C0D0ChrC—COS—SOOeEDO OOF I TF 0 0 0 OO 


No. Pulses 

of 
Rated Peak 
Current: 
GE: 1 pulse 
NEC: 2 pulses 


1 Pulse Rating 
is equivalent 
to GE TYPE 
(250 A and 1200 A) 


Different 
lead pitch 
(5+1 mm) 


4: Different 
Varistor 
Voltage 





V18ZA3 
V22ZA3 
V24ZA4 
V27ZA4 
V33ZA5 
V39ZA6 
V47ZA7 
V56ZA8 
V68ZA10 
V82ZA12 

















NV022D14 
NV027D14 
NV027D14 
NV033D14 
NV039D14 
NV047D14 
NV056D14 
NV068D14 
NV082D14 





Oo 0 0 0 0 0 0 0 90 



































































Varistor | Peak 
2 i le Vol 
GE is Voltage c=. i leweble Velde =. Current NEC Replace R k 
TYPENO. | (TYP) RMS Voltage DC Voltage 8x20us | Number ability iil 
is { : {! 
—(y) (Vv) pom | ow | 
7 | | 
V1I00ZA15 100 60 | 81 | NV100D14 | © _|No. Pulses 
V120ZA6. S| st«éi1200 5 102 | nvizo014 os}, OF 
| 1000 “Rated Peak 
V150ZA8 | 150 95 127 | - NV150D14 GO. - “Gistennts 
V180ZA10. 180 115 153 | Nv200D14 | 4 ,GE: 1 pulse 
1 'NEC:2 pulses 
I | 
i 
iz | { 7 Pulse Rating 
! ee 
VO5LA7A * 134 95 130 NvisoD14 | o || ‘Seduivalent 
i or superior 
V95LA7B * 134 95 130 gon NV150D14 oO | to GE TYPE 
V130LA10A * 184 130 175 NV200D14 o —, (1000 and 5000 A) 
VI50LA10A ss * 212 150 200 NV240D14.. oO : Bit eak 
V250LA15A | * 354 250 330 3000 NV390D14. Os lead pitch 
| 7.5+1 mm 
V250LA20A * 954 250 330 4000 = NV390D14 sO ( 
li 
V275LA15A * 389' 275 369 3000 NV430D14 © —d: Different 
V275LA20A * 389 275 369 NV430D14 O Mabiseor 
Voltage 
V320LA15A * 462 320 420 NV620D14 A 
4000 
V420LA20A * 610 420 560 _ NV680D14 O 
V460LA20A * 610 460 615 | NV750D14 Oo | 
V480LA20A * 670 480 640 3000 | NV780D14 oO | 
7 
V480LA40A * 670 480 640 4000 | NV780D14 Oo 
V510LA20A = 736 510 675 3000 | NV820D14. sO 
V510LA40A * 735 510 | 675 4000 | NV820D14 O 
| 
V550LA20A * 775 550 | 700 | 3000 | NV910D14 © 
V550LA40A * 775 b5a 700 4000 | NV910D14 Oo | 
| i 
V575LA20A * 805 575 730 3000 | | | 
V575LA40A * 805 575 | 730 4000 | | 
V1000LA80A .  * 1425 1000. 1200 | 4000 | | 
ee : ea ie ee 
V24ZA50 24 140 | 16 | 
V27ZA60 | 27 17 21 | 
| 2000 
V33ZA70 | 33 21 27 | 
V36ZA80 36 23 31. 
V130LA20A * 184 130 175 6000 
V130LA20B 
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3/3 
GE 
TYPE NO. 


V1S50LA20A 
V150LA20B 
V250LA40A 
V250LA40B 
V275LA40A 
V275LA40B 
V320LA40A 
V320LA40B 
V420LA40A 
V420LA40B 
V460LA40A 
V460LA40B 
V480LA80A 
V480LA80B 
V510LA80A 
V510LA80B 
V550LA80A 
V550LA80B 
VS75LA80A 
V575LA80B 
Vi000LA160A 
V1000LA160B 





Varistor 
Voltage 


(V) 


Allowable Voltage 








RMS Voltage 
(V) 





DC Voltage 
(V) 


Peak 
Current 
8x20us 

. (A) 


NEC 
Number 


Replace 
ability 














NV240D19 
NV240D19 
NV390D19 
NV390D19 
NV430D19 
NV430D19 
NV620D19 
NV620D19 
NV680D19 
NV680D19 
NV750D19 
NV750D19 
NV780D19 
NV780D19 
NV820D19 
NV820D19 
NV910D19 
NV910D19 





O> OO: “O° Or Or “Or <Q. -O> 80> Oe BB Oo -O-~ OF -O~ -@ OO 





Remarks 


NO. Pulses of 
Rated Peak 
Current: 


GE: 1 pulse 
NEC: 2 pulses 


1 pulse Rating 
is equivalent 
to GE TYPE 

(6000 A) 


Different 
external form 


(19 ¢) 


4: Different 
Varistor 
Voltage 
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NEC 


DESIGNATION SYSTEM FOR 
SEMICONDUCTOR DEVICES 








The designation system for semiconductor devices such as transistors, diodes, etc. is based on the standards in 
JIS C 7012 and is called the JIS type number. Also, it is called the E!AJ type number, because the registering of 
specifications and designations for individual type number is performed by the Electronic Industries Association 
of Japan (E!AJ). 

The detail of the E!AJ designation system is specified in the SD—1, ‘‘Designation System for Discrete Semi- 
conductor Devices,’’ of the EfAJ Standards. 

This paper is intended to inform you of the outline of the ElAJ designation system and the agreements on its 
registering, thereby letting you know how semiconductor devices are designated. 


Scope of Applications 


The SD—1 specifies the designation system for discrete semiconductor devices such as diodes, transistors, 
thyristors, etc. Here composite devices, such as twin transistors are included but none of integrated circuits. 

Since the discrete transistors produced by the semiconducter device manufacturers joining EIAJ are subject to the 
obligatory registering system, those intended for any of domestic and overseas markets must have the specifica- 
tion and designation registered on ElAJ. As a result, the discrete transistors other than those manufactured for 
trial or by manufacturers outside EIAJ ought to carry the EIAJ type numbers such as 23AQ0O~2SDOO 

On the contrary, since diodes, FETs, thyristors, photo transistors, etc. are not subject to the obligatory registering 
system. There are many devices having peculiar type numbers designated by its own manufacturers. Though some 
registered ones carry the E1AJ type numbers. 


EtAJ Type Numbers 


The EIAJ type number consists of (1) a first number symbol; (2) a first letter symbol; (3) asecond letter symbol; 
(4) a second number symbol; and (5) one or more suffix letter symbol if necessary. These symbols have the 
following significance. 


1. First number symbol 


The first number symbol consists of one digit indicating the class of the discrete semiconductor device. As a rule, 
letting the number of useful electrical connections or useful electrodes of a device be n, the first number symbol] 
is n—1. Consequently, diodes or 2—electrode devices carry a number of 1, transistors or 3~—electrode devices 
carry a number of 2, and tetrodes or 4—electrode devices carry a number of 3. Here the largest number assigned 
is 4 and therefore devices with more than 5 electrodes always carry a number of 4 as the first number symbol. 
For instance, the type number, 4SCOO, represents an NPN transistor for high frequency use but does not indicate 
whether five or six or more electrodes are provided (see Fig. 1). Since, however, there are very few semiconductor 
devices with five or more electrodes, this designation system will cause no problems in practical applications. 

An effective electrode is defined as an external electrical connection which is essential to the basic operation of 
a semiconductor device. Such connection does not include any to shield and or case. An electrode connecting to 
two external leads is regarded as a single electrode. A composite device enclosing two or more independent 
device units in a single package carries a first number symbol corresponding to the unit with more electrodes. 
A composite device containing interconnected units which have no independent characteristics and act as a 
single device is treated as an equivalent single device. For instance, a twin transistor (with 6 external leads) 
comprising high-frequency NPN transistors with all independent electrodes is designated as 2SCOO. A twin- 
transistor (with 5 external leads) with interconnected collectors is designated 2SCOO also. On the other hand, 
a twin transistor (with 4 external leads) with interconnected collectors and emitters is designated as 3SCOO. 





If the collectors are interconnected and the first stage emitter is connected to the base of the second stage, so 
called Darlington Connection transistor is equivalent to a single transistor and is designated as 2SCOO. The above 
conditions are shown in Fig. 2. 


2. First letter symbol 


The first letter symbo! is the capital letter S which represents a semiconductor device. 


3. Second letter symbol 


The second letter symbol is determined by the function or, if necessary, structure (operating form) of a semi- 
conductor device and is specified as shown in Table 1. 

In 1956, when the ElAJ designation system was started, this second letter symbol! did not use and transistors 
were designated as 2SOO. In 1959, the designation system for semiconductor devices was changed and the second 
letter symbo! was applied to the semiconductor device with three or more electrodes. Furthermore, in 1971, this 
second letter symbol was employed to identify those with two or more electrodes, as classified in Table 1. But this 
classification does not cover all semiconductor devices. The device already registered and designated as ISOO will 
not be subject to the new designation system, which covers newly registered devices. 

At present, both the old and new designation systems are used. The diodes for microwave application are 
designated as ISTOO, ISGOO,ISVOO, or ISSOO, while the ordinary rectifier diodes and switching diodes still 
carry a conventional [SOO as well as the above designations. 


4. Second number symbol} 


The second number symbol starting with the number 11 indicates the order in registering. This symbol is given 
to each of the versions classified by the first number and the second letter symbols, and the class with many 
register applications by semiconductor device manufacturers includes many items. Transistors, for example, 
cover some 1000 items by 2SA, 700 by 2SB, 2500 by 2SC, and 700 by 2SD. However, FETs cover just over 
one hurdred by each designation. 


5. Suffix letter symbol 


The suffix letter symbol is usually attached to the improved or modified devices which must be distinguished 
from previous versions. Suffix letters A, B, C, D, E, F, G, H, J and K can be used in this order indicate a later 
and modified version. Here the later or altered version may be substituted for any previous version but may not 
vice versa. For instance, 2SA708A is a version of 2SA708 with partly modified characteristic and can be sub- 
stituted for 2SA708, but the reverse substitution may not always be possible. 

In addition, for microwave diode, the suffix letter M issued to designate a pair of devices which are identical in 
outline dimensions and polarity and which have matched electrical characteristics. 

A letter R is used to indicate a reverse polarity diode in an asymmetrical package which is mechanically and 
electrically identical to a forward polarity device. 


Bipolar Device 


Single Unit 
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Fig. 1 Use of First Number Symbol 





1C 2C c Cc C 
1B 2B 24 a io-ft Pon 
1B 2B Bl 
1E 2E 1E 2E E E 
With two independent With interconnected With interconnected With Darlington connected 
units collectors collectors and emitters units 
2SCOO 2SCOO 3SC OO 2SCOO 


Fig. 2 Composite Devices with Different Internal Connections 
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Table 1 Specification for Second Letter Symbol 
Major Function 

High-frequency transistor of PNP type or the like 
Low-frequency transistor of PNP type or the like 
High-frequency transistor of NPN type or the like 
Low-frequency transistor of NPN type or the like 
Tunnel diode 
Reverse blocking thyristor, Reverse conducting thyristor 
Gunn diode 
Uni-junction transistor 
P-channel field effect transistor 


N-channel field effect transistor 


Bidirectional thyristor 


Light sensitive device 
Light emitting device 
Rectifier diode 


Small signal diode (mixer, detector, switching, video detection, Schottky barrier, point 
contact) 


Avalanche diode ({MPATT diode, avalanche and transit time diode) 


Variable capacitance diode, Snap-off diode, PIN diode 


Voltage Regulator Diode, Voltage Reference Diode 


Suffix Letter Representing Matched Pair of Microwave Diodes 
The specification for matched pair of microwave diodes is shown in the attachment of the SD—1. The device 
treated as a pair with a matched pair characteristic is designated by the suffix letter M. 


The specification for matched pair of microwave diodes is as follows: 


1. Microwave mixer diode 


(a) Conversion loss unbalance, 0.3 dB maximum 
(b) Intermediate frequency impedance unbalance, 25 ohms maximum 
(c) Isolation of signal to local oscillator arm, 13 dB maximum 


2. Microwave video detector diode 
(a) Figure of merit unbalance, 1 dB maximum 
M 
h bal = 101 ah 
where unbalance 0910 Mp 
where Mj and M2 are individual figure of merit and 


M12 Mo to get unbalance a positive number. 


(b} The video impedance deviation of one, of the paired diodes with lower impedance is within 20% of that 
of the other diode. 


Suffix Letter for Reverse Polarity of Diode 


The paired two diodes identical in electrical characteristic and external form but opposite in electrode polarity 
are identified by the letter R which is suffixed to the diode of reverse polarity. 

When a mounting base (stud, flange, etc.) where part of the package is used for an electrical connection, the 
definitions of forward and reverse polarities are given as follows: 


1. Rectifier Diode 


In forward-polarity devices, the mounting base is the cathode terminal. And in reverse-polarity devices, the 
mounting base is the anode terminal. Here, the suffix letter R is followed by a letter symbol, A, B, C, D, E, F, 
G, H, J, K or the like which indicates a variation of the device. 


2. Voltage Regulator Diodes and Voltage Reference Diodes 


The forward and reverse polarities are defined in the same way as the rectifier diode. 


3. Microwave Diodes 


The larger diameter terminal of the package is identified as the diode base. In forward-polarity devices, the diode 
base is the anode terminal. And in reverse-polarity devices, the diode base is the cathode terminal. 


4. Microwave Matched Pair Diodes 


The paired two microwave diodes identical in outline dimensions but different in polarity and electrical character- 
istic are identified by the suffix letter MR which is attached to the one with a reverse polarity. 


Examples: 

1$23 Forward polarity 

1$23R Reverse polarity 

1$23M A matched pair of forward polarity diode 1N23 

1S23MR = A matched pair of one forward polarity diode 1N23 and one reverse polarity diode 1N23R 





1S23RM A matched pair, of reverse polarity diode 1S23R 


One of the suffix letters, A,B,C, D,E,F,G,H,J or K is preceded by M, R, MR or RM. 
Examples: 
1$23M, 1S23AM, 1S23AMR, 1S23ARM 


Designation for Performance Range 


The devices each consisting of group may be provided with different type number. Also, a combination of the 
basic type number and the following symbols, which indicates the performance range, separated by a hyphen 
between the basic type number may be used. This designation system is specified in SD—1 Attachment 2 as 
shown in the table in page 7. 


Marking on Devices 


It is necessary to mark the proper type numbers not only on individual devices but on the packing for each unit 
and the outside packing such as carton box. However, this regulation is accompanied by exceptional agreements, 
which permit a symbol, color code or the like on a small-sized device where marking of the type number is 
impossible, or permit any marking or color code specified by the customer. Also, the device without marking is 
permitted. In any of the above cases, the packing must carry a registered type number. 

In marking on devices, deletion of the first number symbol and the first letter symbol is also permitted. For exam- 
ple, C1507 is marked on the 2SC1507 package. 


Ownership of the Registered Designation 


After the registering at EIAJ, the specification and the type number are held commonly by the industry, and 
manufacture of the registered goods is opened to every manufacturer. Consequently, it happens that some 
devices carry a type number, being manufactured by two or more manufacturers. 

Although this system has been employed for electron tubes for a long time, it presents more increasing aspect 
as a result of the advanced manufacturing techniques intending for identical characteristics and the user’s needs 
for compatible devices. 


Manufacturers Outside EIAJ 


The semiconductor devices produced by the manufacturers outside E1AJ are not subjected to the regulations of 
the SD—1 designation system. And, in many cases, such manufacturers are operated by foreign capitals. 

However, in response to ElAJ’s proposal to the registering of specification and designation, some manufacturers 
have started registering on EIAJ. 


1. Voltage Regulator Diode 


R-C4V7 
C ToS 


Example: 1SZ99 




















Letter Indicating 
Basic Type Number Polarity the Allowance of 
Zener Voltage 


Typical Zener Voltage 
Indicated by Volt Unit 





Designated according. No polarity is indicated Typical value of Zener voltage 

to the text of SD—1 for the device with forward : relating to the nominal current 

specification. polarity where mounting rating throughout the performance 
base is the cathode terminal, : range. V is used in place of a deci- 


The polarity-suffix or the device which has mal point if necessary. 
relationship is also symmetrical package. 
determined by the 
text. The device with reverse 
polarity where mounting 
base is the anode terminal 
is identified by R. 


2. Rectifier Diode, Reverse Blocking Thyristor, Bidirectional Thyristor 
Examples: 1SR99 R- 100 


2sF99 | - 100 
2SM99 | - 100 
Sey aan 


Maximum Rating of Repetitive Peak Reverse 
Basic lupe. Nember ROlaity Voltage Indicated by Volt Unit 














Designated according No polarity is indicated Thyristors are given the maximum rating of repetitive peak 
to the text of SD—1 for the device with forward reverse voltage or of repetitive peak off-state voltage of which 
specification polarity where mounting the lower value. 


base is the cathode terminal, 
The polarity-suffix or the device which has 
relationship is also symmetrical package. 
determined by the 
text. The device with reverse 
polarity where mounting 
base is the anode terminal 
is identified by R. 
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APPLICATION NOTE 





TECHNICAL SYMBOLS USED IN NEC’S SEMICONDUCTOR DEVICES 


(Transistors, Field Effect Transistors, Diodes) 


AN ITEM COMMON TO ALL DEVICES 


Symbol 


Symbol 





C 
f 
| 
i 


L 
P 
R 





Capacitance 
Frequency 
DC Current 
AC Current 
Inductance 
Power 
Resistance 





TRANSISTOR 
ABSOLUTE MAXIMUM RATINGS 


Term 





IB(peak) 
1B(pulse) 
IC 
IC(DC) 
IC(pulse) 
lE 

Pc 

PT 

Rth 
Rth(j-a) 


Rth(j-c) 





Safe Operating Area 

Base Current 

DC Base Current 

Peak Base Current 

Pulse Base Current 

Collector Current 

DC Collector Current 

Pulse Collector Current 

Emitter Current 

Collector Power Dissipation 

Total Power Dissipation 

Thermal Resistance 

Thermal Resistance (Junction to 
Ambient) 

Thermal Resistance (Junction to Case) 

Ambient Temperature 

Case Temperature 

Operating Junction Temperature 








Temperature 
Time 

DC Voltage 
AC Voltage 
Impedance 
Efficiency 
Wave Length 





Term 





Operating Temperature 

Storage Temperature 

Collector to Base Voltage 

Collector to Emitter Voltage 

Collector to Emitter Voltage 
(RRE=RQ) 

Collector to Emitter Voltage (base 
emitter short circuited) 

Collector to Emitter Voltage (base 
reverse biased) 

Emitter to Base Voltage 

Emitter to Collector Voltage 
(RBE=RQ) 

Emitter to Collector Voltage (base 
collector short circuited) 

Emitter to Collector Voltage (base 
reverse biased) 








ELECTRICAL CHARACTERISTICS 


Term 


Term 





BVCBO 
BVCEO 


BVCER 


BVCES 


BVCEX 


BVEBO 
BVECO 


BVECR 


BVECS 


BVECX 


Cob 
Ceo*rb’b 
Ceb 
Cib 
Cie 


Cob 
Coe 





Forward Transfer Susceptance 
(common base) 
Forward Transfer Susceptance 
(common emitter) 
Input Susceptance (common base) 
Input Susceptance (common emitter) 
Output Susceptance (common base) 
Output Susceptance (common 
emitter) 
Reverse Transfer Susceptance 
(common base) 
Reverse Transfer Susceptance 
(common emitter) 
Collector to Base Breakdown Voltage 
Collector to Emitter Breakdown 
Voltage 
Collector to Emitter Breakdown 
Voltage (RBE=RQ) Gvb 
Collector to Emitter Breakdown Gye 
Voltage (base emitter short hfb 
circuited) hEC 
Collector to Emitter Breakdown hFE 
Voltage (base reverse biased) hfe 
Emitter to Base Breakdown Voltage hFeE1/hFEQ 
Emitter to Collector Breakdown hib 
Voltage hie 
Emitter to Collector Breakdown hob 
Voltage (RBC=RQQ) hoe 
Emitter to Collector Breakdown 
Voltage (base emitter short hrb 
circuited) 
Emitter to Collector Breakdown 
Voltage (base reverse biased) 
Collector Capacitance 
Collector to Base Time Constant 
Emitter Capacitance 
Input Capacitance (common base) 
Input Capacitance (common 
emitter) 
Output Capacitance (common base) 
Output Capacitance (common emitter) 
Feedback Capacitance 
a Cutoff Frequency 
B Cutoff Frequency 
Maximum Frequency of Oscillation 
Gain Bandwidth Product 
Conversion Gain (common base) 
Conversion Gain (common emitter) 








Forward Transfer Conductance 
(common base) 

Forward Transfer Conductance 
(common emitter) 

Input Conductance (common base) 

input Conductance (common 
emitter) 

Maximum Unilateral Insertion Power 
Gain 

Output Conductance 

Output Conductance 

Power Gain (common base) 

Power Gain (common emitter) 

Reverse Transfer Conductance 
(common base) 

Reverse Transfer Conductance 
(common emitter) 

Voltage Gain (common base) 

Voltage Gain (common emitter) 

Current Gain (common base) 

DC Current Gain (common collector) 

DC Current Gain 

Current Gain (common emitter) 

DC Current Gain Ratio 

Input Impedance (common base) 

Input Impedance (common emitter) 

Output Admittance (common base) 

Output Admittance (common 
emitter) 

Voltage Feedback Ratio (common 
base) 

Voltage Feedback Ratio (common 
emitter) 

AGC Current 

Collector Cutoff Current 

Collector Cutoff Current 

Collector Cutoff Current (RBE=RQ) 

Collector Cutoff Current (base 
emitter short circuited) 

Collector Cutoff Current (base 
reverse biased) 

Emitter Cutoff Current 

Emitter Cutoff Current 

Emitter Cutoff Current (RBC=RQ) 

Emitter Cutoff Current (base emitter 
short circuited) 

Emitter Cutoff Current (base 
reverse biased) 





Term Symbol 





Sol? 

td 

tf 
T.H.D. 
loff 

ton 

tr 

tstg(ts) 
VAGC 
VBB 
VBE 
VBE (sat) 
Vcc 
VCEK 
VCE (sat) 
VEE 
VOSC 
Yfb 








Distortion YL 
2rd Harmonic Distortion Yob 
3rd Harmonic Distortion Yoe 
Collector to Emitter Sustaining 
Voltage Yrb 
Maximum Available Power Gain 
Noise Figure Vre 
Noise Voltage 
Input Power ZG 
Output Power Zib 
Oscillation Power Zie 
Pulse Width ZL 
Base Spreading Resistance Zo 
Real Part of Input !mpedance Zob 
Source Resistance Zoe 
Input Resistance (common base) Nc 
Input Resistance (common emitter) Nosc 
Load Resistance Nt 
Output Resistance (common base) 
Output Resistance (common emitter) 
Input Reflection Coefficient 
Reverse Insertion Gain 
Forward Insertion Gain 
Output Reflection Coefficient 
Forward Insertion Gain 
Delay Time 
Fall Time 
Total Harmonic Distortion 
Turn off Time 
Turn on Time 
Rise Time 
Storage Time 
AGC Voltage 
Supply Voltage 
Base to Emitter Voltage 
Base Saturation Voltage 
Supply Voltage 
Knee Voltage 
Collector Saturation Voltage 
Supply Voltage 
Oscillation Voltage 
Forward Transfer Admittance 
(common base) 
Forward Transfer Admittance 
(common emitter) 
Source Admittance 
Input Admittance (common base) 
Input Admittance (common emitter) 








Term 








| Load Admittance 

Output Admittance (common base) 

Output Admittance (common 
emitter) 

Reverse Transfer Admittance 
(common base) 

Reverse Transfer Admittance 
(common emitter) 

Source Impedance 

Input Impedance (common base) 

Input Impedance (common emitter) 

Load Impedance 

Characteristic Impedance 

Output Impedance (common base) 

Output Impedance (common emitter} 

Collector Efficiency 

Oscillation Efficiency 


Total Efficiency 





FIELD EFFECT TRANSISTOR 


ABSOLUTE MAXIMUM RATINGS 


Symbol 





Drain Current 

Gate Current 

Source Current 

Total Power Dissipation 

Ambient Temperature 

Channel Temperature 

Junction Temperature 

Storage Temperature 

Drain to Source Voltage (gate source 
short circuited) 





ELECTRICAL CHARACTERISTICS 


Forward Transfer Susceptance 
{common source) 

Input Susceptance (common source) 

Output Susceptance (common source) 

Reverse Transfer Susceptance 
(common source) 

Drain to Source Breakdown Voltage 

Drain to Source Breakdown Voltage 
(gate reverse biased) 

Gate to Source Breakdown Voltage 
Gate to Source Breakdown Voltage 
(drain source short circuited) 

Input Capacitance 

Output Capacitance 

Feedback Capacitance 

Maximum Frequency of Oscillation 
Forward Transfer Conductance 
Input Conductance 

Output Conductance 

Power Gain (common source) 








Symbol! 


Ors 

IDSs 
IDSs 
IGSs 


IGSs 
MAG 


NF 

NV 

Tds 
Tds(on) 
IS21s/? 
U 


VGS(off) 
Vp 

Yfg(Or Gm) 
Yis 


Yrs 














Drain to Source Voltage (gate reverse 
biased) 

Gate to Drain Voltage 

Gate to Drain Voltage (drain source 
short circuited) 

Gate to Source Voltage 

Gate to Source Voltage (drain source 
short circuited) 





Reverse Conductance 

Drain Cutoff Current 

Drain Leak Current 

Gate Cutoff Current 

Gate Leak Current 

Maximum Available Power Gain 

Noise Figure 

Noise Voltage 

Output Resistance 

Drain to Source ON Resistance 

Insertion Gain 

Maximum Unilateral Insertion Power 
Gain 

Gate to Source Cutoff Voltage 

Pinch off Voltage 

Forward Transfer Admittance 

Input Admittance 

Output Admittance 

Reverse Transfer Admittance 








DIODE 


ABSOLUTE MAXIMUM RATINGS 





1FM 

|F (surge) 
IO 

P 

Rth 
Rth(j-a) 






Rth(j-c) 
Ta 








Peak Forward Current 

Forward Surge Current 

Average Rectified Current 

Power Dissipation 

Thermal Resistance 

Thermal Resistance (junction to 
ambient) 

Thermal Resistance (junction to case) 

Ambient Temperature 










ELECTRICAL CHARACTERISTICS 


Term 








Burn out 

Terminal Capacitance 
Frequency Temperature Coefficient 
Cutoff Frequency 

Voltage Tuning Range 

Mechanical Tuning Range 

Center Frequency 

Oscillation Frequency 

Rectified Current 

Operating Current 

Peak Point Current 

Peak Point Current Vally Current Ratio 
Reverse Recovery Current 

Valley Current 

Conversion Loss, Multiple Loss 
Insertion Loss 

Capacitance Ratio 

Noise Figure 

Maximum Capacitance Ratio 
Oscillation Power 








Case Temperature 

Operating Junction Temperature 
Operating Temperature 

Storage Temperature 

Reverse Voltage 

Peak Reverse Voltage 

Tuning Voltage 

VSWR 











Conversion Power 
Figure of Merit 


Stored Charge 
Differential! Resistance 
DC Current 

RF Parallel Resistance 
RF Series Resistance 
Forward Recovery Time 
Reverse Recovery Time 
Transition Time 

Forward Voltage 
Operating Voltage 

Peak Point Voltage 
Projected Peak Point Voltage 
Switch Voltage 
Threshold Voltage 

Valley Voltage 
Oscillation Efficiency 
Minority Carrier Lifetime 





NEC 


SEMICONDUCTOR 


1. ABSOLUTE MAXIMUM RATINGS 

The ratings which are applied to semiconductor 
products are called Abso!tute Maximum Ratings and are 
defined as ‘'The limiting values that must not be 
exceeded under any usage or testing conditions, and 
no two or more of these values must not be applied at 
the same time.” 

Absolute maximum ratings are given for voltage, 
current, power, and temperature, and are specified for 
continuous DC conditions at a temperature of 25 °C. 
However, recently pulse ratings have begun to be 


specified. 


VOLTAGE RATINGS 

Voltage ratings imply the maximum inverse voltage 
that may be applied between two electrodes, and is 
specified for the following items. 
1) Diodes 

@ Peak inverse voltage VR: 

The peak value of the inverse voltage that may 
be applied. It is limited by the electron avalanche 
breakdown voltage. 

@ DC inverse voltage VR: 

The inverse voltage that may be applied con- 
tinuously. Usually, the inverse leakage current is 
specified at this voltage. 

2) Transistors 
@ Collector-base voltage VcCBO: 

The inverse voltage between the collector and 
base, when the emitter is kept open. Limited by 
the electron avalanche breakdown voltage of the 
coliector-base junction. Electron avalanche break- 
down occurs when a field of over 10° V/cm is 

applied to a PN junction. The carrier multipli- 
cation factor of the breakdown is given by the 
following formula. 
7 ] 
~ 1=(V/Vg)m 
V: Voltage applied to the PN junction. 
Vp: Electron avalanche breakdown voltage. 
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APPLICATION NOTE 


STANDARDS 


A constant determined from experience, in 
regards to which the relationship shown in 
Table 1 has been obtained. 


Table 1 
Material 





Ge 








Si 
* The type of which VB is to be determined 


is taken. (The type having higher specific 
resistance) 


Emitter-base voltage VEBO: 

The inverse voltage between the emitter and 
base, when the collector is kept open. Limited by 
the electron avalanche breakdown or zener 
breakdown of the emitter-base junction. 
Collector-emitter voltage VCEQ: 

Inverse voltage between the collector and 
emitter, when the base is kept open. Determined 
from the VcBo and hee. 


VCBO 
V = SS 
CEO mn anes anEE 


m: Refer to the paragraph on VCBO 


Collector-emitter voltage VCER: 

The inverse voltage between the collector and 
emitter when the base and emitter are connected 
together with a resistor. Determined by BVCBO 
and RB_E. 





ICBO (Tbh + RBe) 
MEE 
VTE: The forward threshold voltage between 
the base and emitter. About 0.5 V for Si. 
Collector-emitter voltage VcES: 





™ 
VcER=VcBo v1 


The inverse voltage between the collector and 
emitter, when the base and emitter are shorted 
together (RgE = 0). 


m | *r . 
Vces= Vcso: v1 ge UN ORG 


wre 





@ Collector-emitter voltage VCEx: 
The inverse voltage between the collector and 
emitter, when the base-emitter is reverse biased 
through a resistor. 


mM / ICBO (rp + RBE) 
VCEX = VCBO Vee ee 


VTF + VBB 


@ Collector-emitter voltage VCEC: 
The inverse voltage between the collector and 
emitter, when the base-emitter is reverse biased 
(RBE = 0). 


ey ICBO*'b 
VceEv=VcB v1- ac CBOE Be = VCBO 


VTF + VBB 


Generally, this is expressed as VCEx. 
The relationship between these ratings is, general- 
ly, VcBO © Vcev © Vces > VCER > VCEO 
and when shown as voltage-current characteristics 
have the relationship shown in Fig. 1. 


©) 

w 

O 
> 
(an) 






V 
Relationship of Collector Withstanding Voltages. 


Fig. 1 


3) Field Effect Transistors (FETs) 
® Gate-source voltage VGss: 

The voltage between the gate and source, 
when the drain and source are shorted. This 
voltage is limited by the electron avalanche 
breakdown in junction type FETs, and by the 
breakdown voltage of the gate insulating film in 
insulated gate type FETs. In FETs, since the gate 
input impedance is extremely high breakdown 
may occur even from static electricity, therefore 
great care should be exercised in their handling. 

@ Gate-source voltage VGSO: 

The voltage between the gate and source, 

when the drain is kept open. 
@ Gate-drain voltage VGps: 

The voltage between the gate and drain, when 

the source and drain are shorted together. Appli- 


cable to junction type FETs only. Limited by the 
electron avalanche breakdown of the gate-drain 
junction. 

@ Drain-source voltage Vpss: 

The voltage between the drain and source, 
when the gate and source are shorted together. 
Applicable to insulated gate type FETs only. 
Limited by the drain-substrate junction electron 
avalanche breakdown. 


@ Drain-source voltage Vpsx: 
The voltage between the drain and source, 
when a cutoff voltage is applied between the gate 
and source. 


CURRENT RATINGS 

Current ratings mean the maximum current that can 
be passed through any electrode. Current ratings are 
determined by either the electrical characteristics of 
the device, or the current carrying capacity of the 
internal connecting wires or the lead wires of the 
package. 
1) Diodes 

@ Peak current IFNy: 

Limited by the power rating. Current up to 
this value may be repeatly passed through the 
device. 

@ Average rectified current 10: 

The average value of the forward current, 
when a sine wave is rectified. DC current of this 
value may be passed continuously. 

@ Surge current |F (surge) : 

The current that may be instantaneously 

passed within a specified time. 


2) Transistors 
@ Collector current Ic: 

Hithertofore, the definition of the collector 
current rating has been somewhat obscure. How- 
ever, in the 6th Semiconductor Technical Com- 
mittee of EIAJ of 1972, on the premise that the 
collector current should be considered from the 
standpoint of initial assurance of the absolute 
maximum ratings, a tentative opinion of the 
definition of the collector current was obtained 
as shown in Table 2. Therefore, our company 
specifies the collector current in accordance with 
this opinion. 
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@ Base current 


Generally, this current is not specified (It is 
inevitably determined from the current ampli- 


Ip: 


cation factor.). 


Table 2 












Base currents at which breakdown will not occur 


are as 


For 
For 


a. Interpretation Supplementary explanation 


1. DC collector current 


1. Under a condition of Tj less than 
T|MAX.. breakdown or degradation 
of characteristics shall not occur 
when Ic S ICMAX. 


follows. 
low power use (ICS 1A) ... IBS Ic 
high power use (IC > 1A)... Ip 1/2*Ic 






a) Degradation of characteristics means 
that the standards for breakdown 
voltage, hFE, etc. are not satisfied 
when Ic S$ !C(pulse) MAX. 

b) The time that Ic is kept at ICMAX 


shall as rule be once for 5 minutes. 
fo 












[> The rating value shall be stipulated 
under either of the following 
conditions. 

i) In the current characteristics of 
he_, the current at which hfe 
drops to 1/2 — 1/3 of its peak 
value. 

ii) A current at which normal 
operation is not impeded, due to 
dropping of the hfe. 


a) When the use is for switching, the 
current shall not be restricted to 
1/2 — 1/3 of its peak value. 

The following values shall be used as 
rough indications for the lower limit 







b 


— 









of hfe. hFE 

hee =10: 

for medium power. 

hfe =3: Ic 






for high power. 














3) Field Effect Transistors 


@ Drain current 


2. Pulse collector current 


Ip: 


1. The pulse width and repetition 
frequency are designated according 
to the use, then under these con- 
ditions and the condition that Tj is 
less than T)MAX., breakdown or 
degradation of characteristics shall 

not occur when Ic S IC(pulse) MAX. 













fa Characteristic degradation is the same 
as 1. (1) (a). 

b) The time that I¢ is kept at IC(pulse) 
MAX< shall be adequate for reading 
the value of the current. 

c) The pulse width and repetition fre- 

quency shall be designated. 











TEMPERATURE RATINGS 
The temperatures of the junction region and channel 


The current flowing through the drain. Usual- 
ly, is limited by Ipss in junction types (depletion 
mode), and by the power rating in insulated gate 
types. However, it shows the current at which 
breakdown will not occur, if current should flow 
due to static electricity or noise. 

@ Gate current IG: 

The forward current flowing through the gate- 
channel junction. Usually, since reverse bias is 
applied 1G does not flow. However, this is the 
current at which breakdown will not occur, when 
forward biasing occurs due to static electricity 


or noise. 
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region (Tj and Tch) allowable under operating con- 
ditions and the temperature range (Tstg) allowable for 
storage are specified. These temperatures are mainly 
determined by the materials of the semiconductor and 
package and assure that the failure rate will be under a 
certain value (differs according to the manufacturer) 
when the devices are operated or stored at these 
temperatures. 


POWER RATINGS 

Due to the joule’s heat generated in diodes or 
transistors, the temperature of the junction or channel 
region rises. The sum of this temperature rise and the 





ambient temperature signifies the power dissipation 
reached at the power rating. 
1) Diodes 

In the case of diodes, generally, the power rating is 
not specified. Since the major portion of the power 
dissipated in diodes is in a forward direction, the power 
rating will be inevitably determined by specifying the 
forward current. 
2) Transistors 

The collector power dissipation, Pc, at an ambient 
temperature of 25 °C (free air), or case temperature of 
25 °C (with an infinitely large heat sink), or the total 
power dissipation, PT, (sum of collector and emitter 
power dissipation), is specified. 


Tj -—Ta 
Ofee pean (free air) 
Rth(j-a) 
Tj -—T 
so (with an infinitely large heat sink) 
Rth(j-c) 


Ta: Ambient temperature, generally taken as 25 °C. 
Tc: Case temperature, generally taken as 25 *€. 


Rith(j-a): Thermal resistance from junction to surroundings. 


Rth(j-c): Thermal resistance from junction to case. 


Now, when temperature is considered analogous to 
electric potential, and thermal resistance analogous to 
electric resistance, the above relationship can be 
expressed as shown in Fig. 2. 


TO-18: 75 °CW~ 
TO-5 :15~ 50°C/W 
TO-8 :2~5 °C/W 
TO-3 :1~2 °C/W 





Rth(j-c)=——— 


Rih(1): Thermal resistance of insulating plate. 


Rth(H): Thermal resistance of heat sink. 


Ta 


Thermal resistance from case to surroundings. 


TO—18: 225 ~ 450 °C/W 
TO-—5 :130~ 170 °C/W 
TO-8 :50~ 100 °C/w 
TO~3 :15~30 °C/W 


Fig. 2 (a) Relationship of Thermal Resistances. 





.. 1mm Al plate, with TO—5 Flange 
++. 2mm Al plate, with TO-66 
.» 1mm Cuplate, with TO-3 
. . Thermal resistance of volume 
enclosed by heat sink. 











plate and heat sink. — °C/w 





Rth(H) — Thermal resistance of radiator 


























100 1000 
———> A — Area of radiator plate — cm? 
———> V — Volume enclosed by heat sink — cm? 


Fig. 2 (b) Relationship of Radiator Plate Area and 
Thermal Resistance. 


3) Field Effect Transistors 

The total power dissipation, PT, is specified. 
SAFE OPERATING AREA OF TRANSISTORS. 

In the past, breakdown failures of power transistors 
occurred frequently when they were used in high power 
amplifiers having widely varying loads, or for the 
switching of inductive loads such as encountered when 
driving relays. Since it became known that the cause of 
these breakdowns was related to secondary breakdown 
phenomenon, it has become necessary to introduce the 
concept of the Safe Operating Area as the maximum 
rating of transistors in place of the classical idea that 
transistor could be safely operated in the range of 
VCEMAX., ICMAX.. and PTMAX.. 

1) Secondary breakdown phenomenon. 

As shown in Fig. 3, secondary breakdown is the 
phenomenon in which the voltage-current character- 
istics move, at a certain voltage and current, to a low 
impedance region with a speed of several ps or less, 
when the current is further increased after primary 
breakdown has occurred. Secondary breakdown differs 
in the following points from such primary breakdown 
phenomenon as electron avalanche breakdown. 









Curve after secondary breakdown 


ee Locus of starting point of DC secondary breakdown 


Primary 
breakdown 


~!CBO curve 


ee 


Fig. 3 Primary Breakdown and Secondary Breakdown. 
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(a) The secondary breakdown voltage shows an 
extremely low value, compared to BVcRO and 
BYVCEO. 

(o) The characteristic of the movement to secondary 
breakdown is a function of energy, and will change 
according to V, |, and t. But, as a primary approxi- 
mation, BVCBO and BVCEO have no relationship 
with energy. The established theory is that 
secondary breakdown is caused by local thermal 
runaway brought about ky concentrations of 
current, which are effected by pinch-in and fringing 
effects caused by a voltage drop in the transverse 
direction of the base region, or, defects of the base 
region, or, non-uniformity of the junction. 


VBE VCE VBE VCE 





Current concentrated in the 
center of the emitter 
(b) Pinch-in effect (reverse bias) 


Current concentrated in the 
circumference of the emitter. 
(a) Fringing effect (forward bias) 


Fig. 4 Fringing and Pinch-in. 


2) Testing method of safe operating area. 

Testing methods for the safe operating area of 
transistors was included for the first time in the EIAJ 
standard ‘‘Transistor Testing Methods” (SD-71, 4th 
edition), published in November 25, 1969. The above 
standard contains such testing methods as the latching 
method, over-the-hill method, transient thermal 
resistance measuring method, etc. However, since in 
some testing methods there is a danger of the transistor 
breaking down, our company employs the transient 
thermal resistance measuring method. For power 
transistors, our Company conducts 100 % inspection 
with a pulse width of 200 ms or 10 ms and the 
specified bias applied. Through this inspection 
thermally unbalanced transistors and those with faulty 
chip mounting are completely eliminated. 

Next, the transient thermal resistance measuring 
method shall be described. This method, since 
secondary breakdown is caused by local thermal run- 
away brought about by concentration of current, 
utilizes the fact that when the junction temperature is 
kept under observation some change will appear when 
secondary breakdown occurs. The forward voltage of 


a7 


the emitter-base junction, VEp, is observed as a 
measure of the junction temperature. 

In the measuring circuit of Fig. 5, when power is 
applied by opening and closing SW at the specified 
pulse width, Veg will become as shown in Fig. 6. 
VEB2 shows that the junction temperature rises due 
to the power applied, and VEBp 1 shows that the 
junction temperature drops when the power is 
removed. Since the temperature coefficient of VEB1 
will vary according to the current, VEB 1 is taken as 
the measure of the junction temperature. 

(If the constant emitter current IF is amply small, then 
the temperature coefficient of VEB: AVeEp/T = 2° 
mvV/°C) 


VeB Measuring terminal 


Ic 
measuring terminal 





Fig.5 Transient Thermal Resistance 
Measuring Circuit. 





Fig.6 Ic—VEB Waveforms. 


When Vep] is measured, the change in junction 
temperature and the transient thermal resistance can 
be determined. 





AV AV Vv 3 
AT)= EB1 . SVEBI m ) egy 
AVeEB/AT 2(mV/°C) 
AT; 1 AV (mV) ° 
ARth =a ee (CMI 


APc APc(W) 2 (mV/°C) 


In this method, when the collector current Ic is 
kept constant and the collector voltage Vcp_ is 
increased, AVEB1, depend on Tj, should rise linearly. 
However, at high voltages hot spots appear where the 
junction temperature rises rapidly, as shown in Fig. 8. 








VEB 


Fig. 7 Input Characteristics 


300 
PW = 100 ms 


























AVBE1 — mV 












































VcB-V 


Fig. 8 Dependence of VEB1 on Bias. 


Hot spots do not appear in low voltage regions, but 
since VEB1 = 300 mV (AT; = 150 °C) corresponds to 
Tj = 175 °C the safe operating area can be obtained by 
plotting this point. 

In this method, since measurement can be under- 
taken without making secondary breakdown to occur 
(hot spots appear as a forerunning phenomenon of 
secondary breakdown}, the safe operating area can be 
measured without destroying the transistor. Therefore, 
the safe operating area obtained by this method is 
narrower than that obtained by the latching or over- 
the-hill methods. 

3) Method of specifying the safe operating area. 

Up to the present, our company has specified the 
safe operating area at the point where VEB 1 = 300 mV 
(AT; = 150 °C). This gave a safe operating area smaller 
than that given by other testing methods. Furthermore, 
we could not give an exact answer, when inquiries were 


received from customers as to how the safe operating 
area would be affected when the ambient temperature 
(case temperature) or repetition frequency was 
changed. Therefore, in the future our method of 
specifying the safe operating area shall be changed as 


follows. 
































Note) 

1. Te = 25°C 

2. The dissipation limit region should 
be derated according to the case 
temperature and duty cycle. 

3. The S/b limit is for a single pulse, 
and should be derated according 
to the case temperature. 


Ic — Collector Current — A 




















3 10 
VcE — Collector to Emitter Voltage — V 


Fig. 9 Example of Safe Operating Area 


The safe operating area is specified by 4 elements, 
as shown in Fig. 9. 
* Region | 
Current limit. 

The region timited by the collector current 

rating. 

* Region II 
Dissipation limit. 

The region limited by thermal resistance (total 
dissipation). 

Limited by R¢h(j-c) in the case of DC, and by 
transient thermal resistance ARth such as shown 
in Fig.-10 in the case of pulses. 

Furthermore, when the pulse width is 100 ms, 
in the majority of packages, 

Rth{j-c) = ARth(100 ms) 
Therefore, unless mentioned otherwise, DC 
means PW = 100 ms. 


1Q 








—E= ae (a) When Tjmax, = 150°C 
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| f Coe le Ic =3.0A 
= | oo ps tt duty = 0.001 (Note) When Tc > 25°C multiply the current 
O 30 | HH +44 T values of the safe operating area by the 
. - aot ie j | Ltt 4 erating factor of these graphs. 
8 | oS 
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\ 4 au Ton 25. 50 75 100 125 150 175 200 225 250 
& 0.3 ++ Tc — Case temperature — °C 
HHH 
| | i (b) When Timax, = 175 °C 
mdianh a 
0.001 0.01 0.1 10 
p : (Note)When Te > 25 *C multiply the current 
PW — Pulse width — s 100 > values of the safe operating area by the 
. 2 derating factor of these graphs. 
Fig. 10 Example of Transient Thermal $ 80 
‘Resistance Characteristics. 5 
5 60 
* Region III 2 40 
S/b limit. 5 20 
The region limited by secondary breakdown. 0 
. . 25 50 75 100 125 150 175 200 225 250 275 300 
The temperature of hot spots is said to be the To — Case temperature ~ °C 
temperature at which semiconductors become Fig. 11 Derating Curve for Safe Operating Area. 
intrinsic (in the case of silicon: 600 °C). The 
breakdown of transistors is caused by the 4) Method of utilizing the safe operating area. 
materials of the electrodes or mounting being Since the safe operating area is specified at a tem- 
: Ms 7 * ° . . 
melted by this temperature and diffusing into the perature of 25 C, when the temperature is higher than 
semiconductor. Among these materials, the this it is necessary to derate the safe operating area. In 
solder of the chip mounting has the lowest such case, the derating factor for the corresponding 
melting point. Therefore, the S/b limit is temperature is determined from Fig. 11 and the 
specified at the point where the junction reaches current values of the safe operating area are multiplied 
the melting point of the mounting solder. Speci- by this factor. 


ficaily, these points are fixed as follows, 

For devices where Tj MAX, = 150 ae r| 

——— the point at which VEBp 1 = 400 mV. a ait 
(2 Tj = AT} + To = 225 °C) a 


For devices where TiMAX. =175 °C Pc | | tp 
=t 
| —P 
| 
! 








—— — the point at which VER 1 = 500 mV. 
(2 Tj) = AT} + Te = 275 °C) 


| 
a at ue above cer eorS the T; TPR iets 
derating factor against case temperature is taken =i 


P-Rith (i—t1) + Ta 





as zero, as shown in Fig. 11. 


Tip =P*Rth(t1) + Ta 


x SL Ketrant = Rth(t—t1)] + Ta 
Via ae 


0 t1 











Fig. 12 Calculation of Junction Temperature 
When Pulse is Applied. 
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To DEFINITION OF 4 TERMINAL PARAMETERS 
h parameter y parameter 


lo 
praed 





{' =viVityrVo 
io =yfVit YoVo 


Ot1 t2t3 t4t5 t6t7 
Z parameter Ss parameter 


Tyit1) =P R +T 
j(tt) th(t1) a 
Vit Vi2 


Tj(t2) =P [Ren(r2) — Ren(t2—t1)] + Ta 
Tira) =P (Renita) — Ren(tg—t1) + Rtn(tg—t2)] + Ta 










Fig. 13 Method of Determining Junction Temperature 


When Power is Repeatly Applied. Deas Vr Vr2 
Wee Vrq = siVit + SrVi2 
Vo= Zi, + Zoi 

0” #fli * Zolo Vr2 = stViq + SoVi2 





When the operating locus of the transistor is the 
dissipation limit region, surges may be repeatly applied. 
But, the frequency of application is determined as T TYPE EQUIVALENT CIRCUITS 
follows. When pulse power is applied the junction tem- 
perature will become as shown in Figs. 12 and 13, and 
if the peak value Tjp of junction temperature is less 
than the T)MAX rating of the transistor, power may be 
repeatly applied. 

In the above Figs., Rth(t1), Rth(t2) -- ~~ Rth(to), 
and Rth(tp) are transient thermal resistances deter- 
mined from charts like Fig. 10. 





B Common-base 


Furthermore, the S/b limit region is specified for 
single pulses only. Therefore, power may be applied 
again only after the heat generated by the applied surge 
has ample time to cool. 

In practice, confirming experiments should be 
conducted with the actual circuit under the worst 
conditions. For this reason, adequate confirmation 





experiments are conducted during the development Gantauncomne: 
stages of the transistors, which are 100 % screened 
employing AVEg tests and high voltage discharge Fig. 14 T type Equivalent Circuits (low frequency) 
tests pertaining to TV. 
To 

2. EQUIVALENT CIRCUITS AND 4 

TERMINAL PARAMETERS 

Equivalent circuits are useful for circuit design, 
since they closely correspond to the physical action of 
transistors and enable the characteristics to be grasped 
at a glance, however there are limitations to their 
application. In order to escape these limitations, the 





idea has been born to consider transistors as black 
boxes and express their characteristics as 4 terminal 
parameters. Fig. 15 T type Equivalent Circuit (high frequency) 
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HYBRID 7 TYPE EQUIVALENT CIRCUIT 
Ch'c 





y parameters 


2 
bye 


Yo 





iq = Yi¥1 + Yrv2 
i2 = ¥fV1 + Yov2 


Fig. 19 Expression by y Parameters. 


Relationship between T type equivalent circuits 








qle 9m (high frequency) and y parameters. 
9m=tE gp =—— 
T Bo f 
1+ rae 
2 3m om Ob‘e Yib = a 
fT =so3 Cee FE SS : f 
2n(Cp'c + Ch’e) 2m(Cpy'c + Cy’e) tet Itb'bz— 
Fig. 16 
© (1+j u ) 
EQUIVALENT CIRCUIT OF MICROWAVE TRANSISTORS eas SGge fee 
. : ; . Yrb = —2m ———_ 
In transistors having a gain-bandwidth product : eS te ja. 
exceeding 1 GHz, parastic elements of the container "o’b fa 
cannot be disregarded and it is necessary to considered ag 
a equivalent circuit such as shown in Fig. 17. Vib =~ 
ret itb’b| 
Cred 
int +7e 4 a 
Yob = 2nfqC a bib fa 
fe f 
oe 
"bib fa 
f 
(1 — Qo) + j=—- 
f 
Yie = $$ 





vq = hjiqt Apva 
ig = h¢i4 + Nov2 


Fig. 18 Expression by h Parameters 


Relationship between T type equivalent circuits. 
(low frequency) and h parameters. 











' 
Nib =fet 1 —Q)tb Nie =fb+ er 
_b a Te 
Mrb = To Nre (1—Q)re 

4 
= hte= = 
Afb = —O fe“ 7—@ 
1 1 
h aoe hap = es 
OO he oe = aire 
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sent 
e+ ito yo 








J 
f 

Yre = —2afaCc fe. = 

'b’'b Te + — 

'b'b fa 
Yfe = 0 j 
fet Ib'b FT 

Yoe = YOb 


S parameters 

S parameters are mainly employed in microwave 
bands. These parameters have the advantages that 
measurement is easy because it is conducted with the 
input and output terminated with their characteristic 
impedance and, in addition, these parameters are 
convenient for the handling of the transfer and reflec- 
tion of waves. 











by = S11a1 + S122 
bg = $2141 + Soa 
Fig. 20 


b 
$1 =< fan =0 


= 


: Input reflection coefficient 


b 
$2] SP leg =0 __: Forward transfer coefficient 


b 
S12 ~—/ayq = : Backward transfer coefficient 


b 
S22 =a =0 : Output reflection coefficient 


Relationship between equivalent circuit of 
microwave transistors and S parameters. 


Zin —ZO 
Si1e= st 
Ne" Zin + Zo 


Table 3 Mutual relationship between S, h, and y parameters. 


: w'rr, 
Zin = ("ob tro tw'pLe) + jw {ite + Lp) — | 


w= oT 
To 1+ wyCoZ 


2Zo wy 


Soya So 
IS24el Raz ao 


R=rpt ret w'tle 


2Zorey1 + (wle/re)? 


(Rout + Zo) (Tp'b + fe + Zo) 





IS42el = 


Rout + wr/ (wy? + w?)*Coy 


Zout — 40_ 
Zout + Zo 


all Le 
Zout + +f 
; (wy? + w?) Co (rh'b + Zo)Ce 


S22e = 





1 
G9 a ee 
: { ss (wy? + w?) Cy } 


(h] hj’ =hj/Zo 
hg’ =hoZo 


(hi — 1) (1+ b’o) — hrhe 
(1 +h) (1 + h'g) — hyhe 


2hy 





(1 +h) (1 + h’g) — hihg 
—2h¢ 
(1 + h’j) (1 + h’g) — hph¢ 


S21 S22 (1+h'j) (1 —h’g) + hehe 


(1—y'j) (1+ y'o) + y'ey't 


(1+yj} (1+ Y‘o) — y'rve 
—2y', 
(1+ yj) 1+ y'o) — y'ry’f 
—2yf' 








(1 +h) (1+ bh’) — hehe 


(1+ y') (1+ y'o) — vey" 


(1+ y’j) 1 —y‘o) + y'pye 
(1+ yj) 1+ y'o) — y'py¢’ 








—T 
(1+ $11) (1+S99)—$419S94 “Z 


(1 ~ $41) (1+S99) +S42891 ~° 
2812 
(1 —S44) 4+ S99) + $42894 
—2894 
(1 — S44) 1 +8992) + $1289 
(1 —S99) (1 — $71) — $1284 
(1—$1_) 1+$29) +$42S9, “2 








Yr 
yj 


Yi¥Yo — YrYf 
yi 





aa 6 


(1+ Sao) (1 — S44) + $1282 
(1+S41) (1+S99) —S712891°°° 





—2812 IZ 
(14544) (1 +S99) — 812891 °° 
—28971 IZ 
{1 +541) (1+ S99) — $7289, -° 
(1+844) 1 — S99) + $2824 
(1 + S14) (1+ S29) — S12Sa1 
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Table 4. Conversion of common-emitter and common-base 4 terminal parameters. 
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Common-emitter common-base 














1 1 
hie = QZ (hip) hib =—B7 (hie) 
| 1 
Hre aa (Ah — hp) Drb = B (Ahe — hye) 
hfg = ag (hgh + Ahp) Nfh = “a (hte + Ahe) 
1 1 
Noe = a (hob) hob = B (hoe) 
Vie = yp Yip = Ue 
Yre = — (Yrb + Yob) Yrb = — (Yre + Yoe) 
Yfe = — (Ytb + Yob) Yfb = — (Yfe+ Yoe! 


Yob 





A= 1+ hf — br + Ah 
Ahb = hibhob — Arbhtp 
Yb = Vib + Yrb + Yfb + Yob 


3. SWITCHING CHARACTERISTICS 

Generally, when a transistor is employed as a 
switching element, it assumes one of the states of ON 
or OFF. In order to be a ideal switch, a transistor 
should rapidly change the DC resistance between its 
collector and emitter output terminals from high 
resistance to low resistance, or vice versa, in response 
to a very small current injected into its control 
terminal. 

Here, a simple explanation of the large amplitude 
operation of transistors as switches shall be given. 


SWITCHING OF TRANSISTORS 

When employing transistors for switching, the 
common-emitter connection which has large current 
gain is most widely used. An example of the static 
output characteristics of this connection is shown in 
Fig. 21. The operating region of a transistor can be 
divided into the saturation region, cutoff region and 
active region. Transistor switching circuits are of the 
saturated type which employ the two regions of 
saturation and cutoff, and due to their simple circuit 
construction and small power consumption are widely 
used. 
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Fig. 21 Static Characteristics of 
Common-Emitter Output. 


Fig. 22 is the basic form of a switching circuit of 
a common-emitter connected NPN transistor. The 
collector load line of this circuit is the line AB of 
Fig. 21. Following, based on Figs. 21 and 22 the 
operation of transistors in each region shall be 
described. 

1) Cutoff Region (OFF state) 

The cutoff region -exists when both the emitter 
and collector junctions are reverse biased. In this 
state the operating point of the transistor rests at 
point A of the cutoff region in Fig. 21, the collector 
current takes a small value, and an extremely high 








Fig. 22 Basic form of Switching Circuit 


resistance is shown between the collector and emitter. 
That is to say, point A corresponds to a state of a 
transistor switch with its contacts open (OFF state). 
The collector current, that is the leakage current, in 
the OFF state poses a problem for transistor switches, 
however this current cannot be eliminated completely. 
According to Ebers’ and Moll's analysis, the leakage 


currents flowing through the collector and emitter, 


when both junctions are reverse biased, can be 
expressed by the following formulae. 
lf aICBO = @nlEBO is true, then 
\ (1 — ay) 
Ic= CBO N 
1 — ana | 
| (1 — an) 
le= EBO N 
1 — ajan 
in the above equations, 
ON: Common-base forward current amplification 
factor 
Qa: Common-base inverse current amplification 
factor 


Also, the base current is shown as Ip =Ic+IE 


that is, _ IcBot — a) + lEBo(1 — an) 
1 —ana| 


2) Active Region 

The active region, in a state where the emitter 
junction is forward biased and the collector junction 
reverse biased, is put to wide general use. In Fig. 22, 
when the potential of the base is made positive and 
a base current is made to flow, the operating point of 
the transistor will move along the load line from point 
A into the active region, and the speed of transition of 
the operating point across the active region is deter- 
mined by the gain-bandwidth product fT. 
3) Saturation region (ON state) 

In Fig. 22, when the base potential is made positive 
and an ample base current (Ip < ICc/hFE) is made to 





flow, the transistor operating point will move along the 
load line from the active region and reach point B of 
the saturation region. Then an extremely low resistance 
will be shown between the collector and emitter, 
and this corresponds to the closed state (ON state) of 
the switch. The value of the collector current at point 
B will 
resistance and the power supply voltage (Ic = Vcc/ 


be approximately determined by the load 


R,), but the collector-emitter voltage wil! not drop to 
zero completely and a certain saturation voltage due 
to the interna! resistance will remain. The collector- 
emitter saturation voltage is an important parameter 
of the saturation region, and when analyzed by Ebers’ 
and Moll’s model of a transistor, as shown in Fig. 23, 
becomes as follows. 





Fig. 23 Mode! of a Transistor. 


VcE=¢ceE t+rele+rcle 


CE = In (—} aos set ot 
ae a | 1—BF/FE 


here, kT/q: 26 mV at 27 °C 
BF: Circuit current amplification factor (IC/IB) of 
saturation region. 
For reference, the above for the base-emitter junction 
are given below. 


VBE =¢E+rpiptrele 


kT le — 
oe =-——In (1 pte IG: 
q ICBO 


As has been described, generally, transistor can be 
utilized as switches by controlling the base. However, 
as mention they differ from ideal switches in the 
following points. 

* Acertain amount of leakage current remains in the 

OFF state. 
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* A certain amount of saturation voltage remains in 
the ON state. 

* There is a certain delay in action in respect to the 
input signal. 


TRANSIENT RESPONSE TIME OF TRANSISTORS 

In the definition of the switching time of transistors 
the quantities shown in waveform (C) of Fig. 24, which 
appears in the output when an input waveform as 
shown in Fig. 24 (A) is applied to the circuit of Fig. 
22, are employed. These quantities are defined as 
follows. 

tq: Delay time. 

The time required, after the input pulse has 

been applied, for the output current wave- 

form to reach 10 % of its maximum 
amplitude. 
tr: Rise time. 

The time required for the output current 
waveform to increase from 10 % to 90 % of 
its maximum amplitude. , 

tstg : Storage time. 

The time required, after the input pulse has 
become zero, for the output current wave- 
form to drop to 90 % of its maximum ampli- 
tude. 

tf: Fall time. 

The time required for the output current 
waveform to drop from 90 % to 10 % of its 
maximum amplitude. 


(A) 
input waveform 


(B) 
Base current 
0 
Vcc 
(c) 0% 
Output waveform 





tg ty tstg tf 

(Note) Since in the above chart the output is shown 
in voltage waveforms, the positions of 10 % 
and 90 % maximum amplitude are in inverse 
relationship to those mentioned in the 
definitions. 


Fig. 24 Switching Waveforms. 
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Besides the above definitions, the 2 following 
expressions are frequently used. 
ton = td + tr 
loff = tstg + tf 


ton: turn-on time 
toff: turn-off time 


ANALYSIS OF SWITCHING TIME BY THE ELECTRON 
CHARGE CONTROL THEORY. 


Here, the electron charge control method shall be 
described, in which the transistor is considered not as 
a current controlling element but as a electron charge 
controlling element and the transient response is 
expressed by the quantity of the electron charge 
contained in the base. 

Simply stated, this method consists of, when a 
transistor changes from one state to another, finding 
the difference of the electron charge contained by the 
transistor in these two states and calculating the time 
required for charging this difference of charge AO by 
current | as t= AQ/I. 

Methods for calculating the various switching times 
employing the electron charge control method shall be 
explained following. 

1) Delay Time 

The emitter-collector junction capacity and stray 
capacity of a transistor in an OFF state are charged so 
as to. reverse bias both the collector and emitter 
junctions. The delay time is the time required to 
supply a charge to these junctions and make the 
emitter junction barely forward biased. 

When the base current is of step form, this can be 
simply expressed as follows. 


QoB 


td = 
BI 


here, 
Qqg: The electron charge stored in both the 
emitter and collector junctions. 
1g4.: Turn-on base current. 


V1-V 
f.! TF 


V1+Vop CobdvcB 


Oop = rae CiddVBe + 
here, 
VoB: Inverse voltage applied between base 
and emitter during OFF state. 
VtTfe: Threshold voltage between base and 
emitter. 
V1: Voltage between collector and emitter 
during OFF state. 





The voltage increment across the capacitor is (VTF 
— Vop). If this change is linear, the delay time can be 
expressed by the following formula. 


oa (VTE — VoB) (Cib + Cob) 
1B1 


2) Rise Time 

In order to turn-on a transistor the following 
electron charges must be supplied: charge Qj for 
creating a carrier gradient within the base region in 
order to make the required collector current flow, 
Qy for changing the voltage of the collector capacity 
from the OFF level, at which injection of the carrier 
starts, to the new level, and QR which is required for 
recombination. 

Therefore, the equation for input current 1p 4 
becomes, 

Ipi:t2 = Q1,+Qy+QrR 

\f, by amply over driving, Ic is considered to change 





linearly, then, 
trrlC 
R = 
2hFE 


In addition, since Q1 and Qy can be expressed as 
follows and the rise time is defined at the 90 % point, 
when these are solved for tr, tr can be expressed as 


follows. 


IC 
2Qntyt 





Qy = 
Ov =CfrAVcp, AVCB=Cr!IC *RC 


who 
0.9I1c( Ont] +CfR¢) 


“ty ie 


here, Cf: Collector-base feedback capacity. 
Rc: Thevenin’s equivalent load resistance. 


3) Storage Time 

When a transistor is in the saturation region, due to 
the minority carrier in the base region, an excessive 
charge Qy will be created. The quantity of this charge, 
with 7x as the proportional constant, is proportional 
to the excessive base current Ipy. Furthermore, the 
charge which recombines is divided into two, one being 


charge QRx which is due to the recombination of the 
excessive carrier having a lifetime of Tx. and the other 
being charge Opa that has a lifetime 7g and is due to 
the recombination of the activation carrier necessary 
to maintain the collector current. When the reverse 
base current |p9 is stepped, then, 


—|B2°*tstg = —OQx + ORx +QRa 








_tstic _ IpBx*ts 
Ra hee * Rx 5 
Qx = IBx*Tx, IBx = 181 —- IC/MFE 
ee IB1 — !c/hFe 
stg os lpi + IC/hFE 
2a aa, aes 


Furthermore, in recent transistors of the mesa or 
planar type, the minority carrier of the collector region 
rather than the base region becomes dominant and 
various modifications of the tstg formula become 
necessary. 

4) Fall Time 

The fall time is calculated using the same reasoning 
as that followed for the rise time, and is expressed by 
the following formula. 


1 
2antT 
IB2 + IC/NFE 





0.91¢ ( + Rco*C¢) 


tf = 


4. NOISE CHARACTERISTICS 

There have been spectacular improvements in the 
performance of low frequency low noise transistors 
being employed in audio equipment. 

Here, the low noise bipolar transistors of alumina 
passivated structure and the mesh gate FETs of our 
company shall be explained. And, in addition, the 
equivalent input noise source method which is ex- 
tremely effective in circuit design shall be described. 
ALUMINA PASSIVATED STRUCTURE LOW NOISE 
TRANSISTORS. 

The features of the alumina passivated structure 
lie in the following points. 

* Since the surface of the element, including the 
electrodes, is passivated by a stable alumina film 
the element will not be degraded by receiving 
contamination from the outside in the manufac- 


turing processes coming after the electrodes have 
been formed. 

In NPN transistors, the low current characteristics 
of the hFE are improved in particular and a low 
frequency low noise transistor of high PIV and 
high gain is obtained. 

The manufacture of more stable PNP transistors 
is possible. 

In plastic sealed type transistors, since the elec- 
trodes are passivated with a stable alumina film, 
the humidity resistance characteristics are improved 
greatly. 

As described above, the adoption of the alumina 
passivated structure displays the features of both 
superior characteristics and reliability. The alumina 
passivated structure is as shown in Fig. 25. 





Structure of alumina | Structure of conventional 
passivated transistor planar transistor 


@ Non-porous alumina. @) Aluminum base electrode. 
@ Aluminum emitter electrode. @ SiO, 
© Porous alumina. 


Fig. 25 Structure of an Alumina Passivated 
Transistor 


The technique for making this alumina film is a 
passivation technique that consists of the adoption of 
an improved aluminum evaporation process together 
with a combination of photoresist and anode oxidizing 
techniques, by which portions that were formerly 
removed by etching are selectively replaced by a stable 
alumina film chemically. This alumina film, together 
with the gettering action of the phosphor glass layer 
formed on the oxide film, stabilizes the surface to 
produce the superior features described above. 

Actual exampies of the improvement of charac- 
teristics are shown in Figs. 26 and 27. 
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60 (products from 1975 onward) A 
(products from 1971 to 1974) 
(©) Conventional planar structure products. 


hee — DC Current Gain 


lumina passivated struc: 
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Fig. 26 hfe Current Characteristics of a Bipolar 
Transistor (VCE = 3 V) 
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(products from 1975 onward) Alumina passivated structure. 


(2) (products from 1971 to 1974) 
Conventional planar structure products. 


NF — Noise Figure — dB 
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Fig. 27 Noise Figure vs. Frequency Characteristic of 
Bipolar Transistors. 
(VcE=3 V, Ic=0.1 mA, RG=10 kQ, 
f=10 Hz, Af=1 Hz) 


As can be seen from the above Figs., alumina 


passivation technique together with the development 
from year to year of diffusion processes that create few 
crystal defects has resulted in great improvement of 
the hfe low current and 1/f noise characteristics of 
transistors, compared to former products. 

MESH GATE STRUCTURE, JUNCTION TYPE FIELD 
EFFECT TRANSISTORS. 

The mesh gate structure consists of widening the 
channel width by shaping the gate in a mesh form, and 
its features lie in the following points. 

* Since the degree of integration is improved, the gm 
can be increased without increasing the chip area. 
* The performance factor (gm/Ciss) is improved. 








* High gm is easily attained, enabling low noise to be 
obtained. 

The adoption of the mesh gate structure has enabled 
low cost, low noise field effect transistors to be manu- 
factured, which has facilitated their employment in 
audio equipment. 

EQUIVALENT INPUT NOISE SOURCE METHOD. 

Generally, the noise figure is employed to show the 
noise characteristics of transistors. 

Here, an explanation shal! be given while comparing 
the NF and equivalent input noise source method, 
together with ways of thinking in the applying of the 
same to circuit design. 

The case of bipolar transistors. 

The common-emitter hybrid type equivalent circuit 
of a bipolar transistor can be shown as in Fig. 28 (a). 
As shown in Fig. 28 (b), this circuit can be drawn 
employing two independent noise sources, voltage 
noise source €n and current noise source in, which can 
be expressed by the following formulae. 











= te amr 
VN =V4k Trop Af b’ ‘b’e m'b’e 
bo C) c 





Tob’ 


Ind = V2qlp*Af 


IN2=V2qIbpeAf 
(a) 


en 


Ideal 


amplifier 







Output 


(b) 
Fig. 28 

When K Boltzmann's constant. 
T : Absolute temperature. 
Of : Frequency bandwidth. 
Gm : Mutual conductance. 
'bb’ : base resistance. 
Rs : Signal source resistance. 


then, 


en = V4kKT(rpb! + 1/2 gm) Aft 


/ 4kT°Af 
= = V7 2qIb: Af 


ne 28/am 


provided that, 
k : Boltzmann’‘s constant. 
T : Absolute temperature. 
Af: Frequency bandwidth. 
(Usually handled as Af = 1 Hz). 
gm: Mutual conductance. 


From the above equations, en and in can be equi- 
valently related to the thermal noise in the resistors 
and can be expressed by the following equivalent 
resistances. 


RNe = fbb’ + 1/2 9m 
RNi = 28/gm 


The case of field effect transistors. 

tn the case of field effect transistors, the concept is 
the same as that for bipolar transistors, but due to the 
difference in operating principle the formulae for en 
and in become as follows. 


en = V4KT> = Af 


in = V2q1G° Af 


1G: Gate leakage current. 


As shown in Fig. 34, the above gate leakage current 
IG is that for ordinary bias and displays a voltage 
characteristic as shown in Fig. 29. 


Vos 


‘| 





Fig. 29 Measuring Circuit for Gate 
Leakage Current. 
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IG — Gate Leakage Current —A 
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Vps — Drain to Source Voltage — V 


Fig. 30 Voltage Characteristic of 
Gate Leakage Current. 


€n, in and NF. 

The total noise voltage at the input of the ideal 
amplifier of Fig. 28(b) can be expressed as the 
following formula. 


ey? = eRs* + én7 + in?s Rs? + 2y*enin 
provided that, 


Epo is the thermal noise of Rg as shown by 
V4kTRgs 
y: The correlation coefficient of en and in, and 
takes a value of —|X Y <|. 
When the noise figure is shown employing the above 
equation, it becomes as follows. 


(=) 
° 
oO 


500 


200 
100 


e+2 


T 1 fen? ,, 2 i 
NF = = 10log19 1+—-—— — Tt In "Rs 
eno? 4kT Rs 


As shown above, if the NF is determined by 








measuring @n and in which can be measure more 
precisely, rather than measuring the NF directly, the 
€n and in components contained in the NF value 
shown can be determined at the same time. 

Fig. 31 shows the relationship between the signal 
source resistance Rg, total noise voltage ey and the 
NF, employing en and in as the parameters. 

Furthermore, from the NF equation (*) it can be 
seen that a optimum signal source resistance Rs = 
Regpt, which makes NF minimum, exists. 

When this value of NF is put as NFjyjn, the formula 
becomes as follows. 


NF = 10 toa|1 4 2nin 
kT 


1. 2rpp 
= 10 09} re eae ra 


B kT /q 


RgoPt = en/in 

From the foregoing it can be seen that, in the case 
of bipolar transistors from a circuit standpoint it is 
desirable to set the bias point at a low current as 
possible and when Rg is large (over 10 k&2) en may be 
disregarded and the noise will be dominated by the in 
characteristics. And, in the case of field effect 
transistors use at a low voltage is desirable, and when 
the voliage is high attention must be paid to in. 




















er — Total Equivalent Input Noise Voltage — nVYA/Hz 
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Fig. 31 Total Equivalent Input Noise Voltage vs. Signal 
Source Resistance Rg Characteristics. 
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By utilizing the equivalent input noise source 
method as described, a NF map can be drawn up from 
€n and in, and from a circuit design standpoint the 
noise characteristics of transistors can be grasped in 
more diversified ways making it a very effective 
method. 

In Fig. 32 the eq and ip current characteristics and 
the frequency characteristics of a low noise transistor 
are shown, and in Fig. 38 the e, current characteristics 
of a low noise FET. 
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I¢ — Collector Current — mA 


Fig. 32 ep, and i, Current Characteristics of a Bipolar 
Transistor. (VCE = 3 V, f = 100 Hz, Af = 1 Hz) 
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ep — Equivalent Input Voltage Noise Source — nV/\/Hz 


Fig. 33. Current Characteristics of Equivalent Input 
Voitaic Noise Source en of a FET.. 


THE SN RATIO OF AMPLIFIERS AND TRANSISTOR 
NOISE. 

So far, the equivalent input noise source method has 
been explained, employing en, in and NF, in regards 
to the transistor alone. Here, the methods for utilizing 


these factors in the actual designing of circuits shall be 


explained. 
The noise figure of an amplifier is shown by the 
following equation. 


_ No/So 
N4/S4 


Furthermore, when the power gain and noise 
figure of each stage are G1,G9,....andFyj,Fo..... 
respectively in a multistage amplifier, the total noise 


figure for an stage amplifier can be shown as follows. 


Pp 5 (eae 
pepe eet 
Gi; G1G2 


From this formula it can be seen that Fy is deter- 
mined from the noise figure of the first stage transistor 
and, making the gain of the first stage as large as 
possible will contribute towards to the improvement 
of the noise figure of multistage amplifiers. 

Next, taking a stereo equalizing amplifier as an 
example of an actual circuit, the advantages of the 
equivalent input noise source method shall be des- 
cribed. 

As have been described before, when low noise 
transistors are used, it is important to ascertain the 
circuit conditions and determine transistor operating 
conditions that will match the circuit conditions. 

Fig. 34 shows a NF map. The method for deter- 
mining optimum operating conditions from this map 
shall be explained. 
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Fig. 34 NF Map. 


When the signal sources of stereo equalizing ampli- 
fiers are considered to be magnetic cartridges or tape 
recorder heads, the majority of the signal source 
impedances will lie between 1 and 2 kQ (f =-1 kHz). 
Also, when a frequency range of 100 Hz to 10 kHz is 
considered, these impedances will extend over the 
wide range of 500 22 to 200 kQ. 

The Ic at which the NF will become as small as 
possible, within this signal source resistance range, is 
determined from the map. The frequency of the NF 
map shown in Fig. 34 is 100 Hz, however, when the 
frequency characteristics of a stereo equalizing ampli- 
fier is considered the gain becomes maximum at about 
100 Hz, therefore this map was taken as an example. 
Furthermore, as reference a NF map for 10 Hz is 
shown in Fig. 35. 

From Fig. 34 it can be judged that the collector 
current to be used should be selected from between 
several tens of uA and 100 pA. 

Next, from the formula for the noise figure of 
multistage amplifiers it can be seen that in order to 
make the noise small the gain of the first stage should 
be made large. In order to achieve this, the collector 
current should be made as large as possible. Therefore, 
the final value of-the collector current is determined 
through correlation of this point and the NF charac- 
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teristics. 


Depending on the coupling circuit with the 2nd 
stage, the actual gain of the first stage may be 
decreased. In other words, since the input resistance 
of the 2nd stage is the load of the first stage, the input 
resistance of the 2nd stage must be made large to a 
certain extent. 

When designing low frequency low noise amplifiers 
as described, the NF map should be skillfully applied 
while giving ample consideration to the circuit con- 
ditions preceding and following each stage. 

With the above, the basic way of thinking and the 
equivalent input noise source method and its appli- 
cation to NF map reading when designing low fre- 
quency low noise amplifiers have been described. 

When undertaking actual designing, it is recom- 
mended that suitable use be made of specialist publi- 
cations and technical journals. 


5. DEPENDENCY OF PARAMETERS ON 
VARIOUS CONDITIONS 
DC CHARACTERISTICS 
Among the DC characteristics of transistors, hFE, 
VBE and VCE(sat) are representative. Between Ge 
transistors and Si transistors there is a difference in 
VBE as shown in Fig. 36. Alloy type (step junction 





type) and diffusion type (graded junction type) tran- 
sistors feature the difference shown in Fig. 37. 











h Parameters 





h parameters have a dependency on current and 
voltage as shown in Figs. 38 and 39 respectively. The 
relationship of h parameters with physical constants is 
as shown in the following equations. 
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kT Base to Emitter Voltage — V 
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Qle Fig. 36 Example of Ic—VpeE Characteristics. 
h kT OW ¥ 1000 
hs eae Vi "b"Sc 
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here, k : Boltzmann’s constant = 8.63 x 10° (eV/K) 
q: Charge of electron=1.6x 10° (C) 


hee — DC Current Gain 
8 


















































T : Absolute temperature 273 +t (K) 107 ag tb 

W: Effective base width ic — Collector Current — mA 

Gc: Collector conductance Fig. 37 Example of hFE—Ic Characteristics. 
a= yp*a* y : Injection efficiency 

B*: Transportation efficiency ‘Reference Value (VcE=6 V, Ie=—1 mA) 


hre=0.5x104 


a*: Intrinsic current amplification factor. 30} hfe=90 hoe=4.5 4S 





Conversion of common-base h parameters to com- 





mon-emitter h parameters can be performed approxi- 
mately by the following formulae. 











Relative value of h constant 























Pee oe fic awl Mobs pe. 03 
ie Tt hp Tee hig 
Olea -0.3 -1.0 -3 -10 
— Emi a 
ae —hfb oe hob le mitter Current — mA 
fen ae bfb 06 1 thf Fig. 38 Example of h Constant—Ie Chracteristics. 
The dependency of VCE (sat) and VBE (sat) on Reference Value: (VcE=6 V, |g=—1 mA) 


hje=2.5 kQ hre=0.5x10 
hfe=90 hoe=4.5 uS 
_t 


current is as shown in Fig. 40. 




















JUNCTION CAPACITY 
Junction capacity has a dependency on voltage as 

















shown in Fig. 41. Generally, the capacity is approxi- 




















mately inversely proportional to the 1/2 power of the 








Relative value of h constant. 











voltage in alloy type junctions, and approximately 


























inversely proportional to the 1/3 power of the voltage q 3 10 30 700 
Vce — Collector Voltage — V 
Fig. 39 Example of h Constant—VcE 
Characteristics. 


in diffusion type junctions. 
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> 
| 
> & 
| 8 
o oO 
y, isa) 
g2 1 2 
2 s VBE(sat) c 
¢ 28 w 
2 3 03 ¢ O) 
- oO ~ 
29 wa 50 g 
BSE oA NS : 3 ° 
gz 
oe oO Ic 
A tC ra B40 0.001 fab — f49/40.01 fab 0.1 feb fT fab 
2 = | f — Frequency — Hz 
% 8 : i bac a 
ui Uf)CS~~~«CIS 30 100 300 ~ 1000 Fig. 42 Dependency of Current Amplification 
(aa) _ = 
x = I¢ — Collector Current —mA Factor on Frequency. 


n 


ig. 40 Example of VBE(sat) and VCE (sat) VS- 
I¢ Characteristics. Si Transistor It is known that feb, fT and fap of the above 
formulae have the following relationship. 


f=1.0 MHz 

IE=0 (Cob) 

Ic=0 (Cp) 
== 





fue = k (1 _ Ao) fab 




















fT = aokfeb © kfab 








In the above relationship, the constant k becomes 
0.82 when the impurity density of the base is uniform 
like in alloy type junctions, and 0.5 to 0.7 when the 
impurity gradient is large like diffusion type junctions. 
2) h parameter frequency characteristics. 

The frequency characteristics of the h parameters 





























Cip — Emitter Capacity — pF 
Cob — Collector Capacity — pF 


Vcp — Collector Voltage — V 
Veg — Emitter Voltage — V 
Fig. 41 Example of Cop—Vcp andCipb—VeEBR 


Characteristics. Si Transistor are expressed by the following formulae. 


Te 


Te 
hi =F ‘+——=fr 8} 
ie — 'bb 1 bb 1 5 + jwCere 


FREQUENCY CHARACTERISTICS 
1) Frequency characteristics of current amplification 
factor. *Tbb’ + 


The frequency characteristics of the current amplifi- 





jwCe 


cation factor are as shown in Fig. 42, and their rc jwCere Ce 


h =e — — oO 
i lor (1 = a) 1 — A + jwCele Ce 


Ao (IC ) P 5 

ge OP 0 
a nr 

u K fab fe 1—Qo+jwCereg jwCere 


relationship are expressed by the following formulae. 








1+j>— 
fob 
Bete he = ee hoe=——-—— geen Ede 
fe — iv 1 eae rce(1—@) 1—agtjwCere 
j———__- —— 
k(1—Q) fab jeoCe Ce 
x hfeo AS f 1 — dp + jwCere reCe 
en CON se 
ears ae PTV fab 
= 
kU 09) fon beat a) 
a 
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1 ~Qo Cele 
hoe=G + jB 
Fig. 43 Frequency Characteristics of h 
Parameters. 


TEMPERATURE CHARACTERISTICS 

Since transistors have such parameters as ICBO, 
VBE and hfe which change sensitively against tem- 
perature, it is necessary to consider this point when 
designing circuits. 
1) Temperature characteristic of ICBO. 

The temperature characteristic of ICBO Is shown by 
the following formula. 


| = |.exp CS) 
CBO *''s kT 





dl 
Ge 1 0.1 ICBO 
SIC BOs GEG 5 
= pq? ICBO --- : 
; CBO 
Shi iehss ——— © 0.14 | 
i oT CBO 


Though the temperature coefficient of ICBO is 
larger for Si transistors compared with Ge transistors, 
generally, since the absolute value of the IcBo of Si 
transistors is amply small, in the majority of cases it 
may be disregarded without harm. However, in the 
case of Ge transistors, since the IcBo is of several 
uA and is large, the temperature coefficient must be 
given consideration. 


2) Temperature characteristic of Vee. 
The temperature characteristic of the VBE is shown 
by the following formulae. 


QVBE 


_gEG aVBE 
lE=lse kT =Ke 


kT °@ kT 
kT JE 
VBE=——In—-+EG 
q «Kk 


OVBE k. IE 1 ° 
———-=—|In—=—(EG -—V = —2 (mV/ C} 
aT kK + G BE) 

That is to say, the temperature change of VBE is 
about —2 mV/°C for both Ge and Si transistors. It is 
necessary to give ample consideration to this point, 
when designing circuits. 


3) Temperature characteristic of hfe. 
The relation of hfe to temperature is expressed by 
the following formula. 


1 PeW ‘ 


w? , SAsW 
ADpb 


hfe Pblne 2Lpb* 


In the above formula, since the 1st term (emitter 
injection efficiency) and 2nd term (transportation 
efficiency) have a positive coefficient against tem- 
perature change and the 3rd term (surface recombi- 
nation effect) has a negative coefficient it is difficult 
to quantitatively determine the temperature coeffi- 
cient of hfe. Experimentally, this coefficient has been 
determined to be about. 


Alloy types, mesa types ... ohfe/oT 0.5 %/°C 
fe 

Planar types. ........... oniele Ps 1%"C 
Nfe 


When. designing circuits, consideration should be 
given to the decrease of hfe at low temperatures. 
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4) Temperature characteristic of VCE(sat)- 
The temperature characteristic of VCE(sat) iS ex- 
pressed by the following formula. 


| 1-a 
a (1-6 a ; 


IC 
1 oo — aR) 








VCE (sat) ert 


+ IEfop *!Crog 


VCE(sat) has also been determined experimentally 
to be about. 


OVCE(sat)/OT 
VCE (sat) 


=0.5%/°C 
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PRELIMINARY SPECIFICATION 


NEC 


ELECTRON DEVICE RADIAL TYPE LEAD TAPING OF TO-92 TRANSISTORS 


DESCRIPTION 


The RADIAL TYPE taped transistors are designed for use with automatic electronic component machines. 
Especially recommended for PANASERT and AVI-SERT. 


FEATURES 


@ Type of packages ... 0... . ce ee ee ee eee REEL PACK and FOLD PACK 





REEL PACK FOLD PACK 


® Selection of the taping 


LEAD CONFIGURATION} ~ ites ee ee 
STANDARD REVERSE 


eS eer 


EUROPEAN COLLECTOR EMITTER 





forwarder forwarder 





EMITTER COLLECTOR 
TYPE EBC forwarder forwarder 


a 


JAPANESE 0 EMITTER BASE 











TYPE ECB forwarder forwarder 








Ex. EUROPEAN TYPE 


1) COLLECTOR forwarder (STANDARD) 
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N jx Cc ELECTRON DEVICE 


QUANTITY 


PACKING | QUANTITY Q’TY TOLERANCE 1 CARTON 
REEL PACK | 1500 pes./REEL 10 REELS (15000 pcs.) 
FOLD PACK | 2000 pes./PACK 10 PACKS (20000 pcs.) 


Fractional order is not acceptable. 



























+2 pes./REEL (PACK) 


EXCESSIVE TAPE LENGTH 


1. REEL PACK 
Taping guide ae ease 3 pitches (38.1 mm) 
Ending guide ........ 10 pitches (127.0 mm) 









127.0mm 
REEL 


Taping guide Ending guide 


2. FOLD PACK 
The FOLD PACK has neither taping guide nor ending guide. 











IVE & ELECTRON DEVICE 


CODING FOR TAPED TRANSISTORS 


EX. BC546 A —T 
L—§~FOLD PACK TAPING 


BC327 16—TRC C: COLLECTOR 
| U_.+FEEDING DIRECTION B: BASE 
REEL PACK TAPING E: EMITTER 
hee RANK 
TYPE NO. 
OTHERS 
1, Carton box dimensions (unit: mm) 
Exterior box for REEL PACK...............2005 340 x 340 x 460, t= 0.5 
Exterior box for FOLD PACK ..............206- 340 x 270 x 490, t= 5.0 
Individual box for FOLD PACK ...............22. 330 x 260 x 480, t = 4.5 


ORWN 


. In FOLD PACK, the tape is folded at every 25 pitchies (317.5mm). 

. In REEL PACK, craft paper (width: 38mm) is used as the spacer and the buffer. 

. Electrical characteristics of taped transistors are in accordance with SHIPMENT SPECIFICATION. 
. Total rejection rate of taping 


(mistaping, reverse taping, drop-out, mixture, etc.) 
MIL-STD-105D AQL=0.65% LEVEL II 


. Process flow chart of taping transistors 


See Fig. 1 


. Taping dimensions 


See Fig. 2 


. Taping reel dimensions 


See Fig. 3 
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INWEC™ ELECTRON DEVICE 


Fig. 1 PROCESS FLOW CHART OF TAPED TRANSISTORS 










100% SORTING 
(DC ELECTRICAL CHARACTERISTICS) 


DC INSPECTION 


MARKING INK 
AC INSPECTION (WHEN APPLICABLE) 


MARKING 


LEAD FORMING & TAPING 


VISUAL INSPECTION 


PACKAGING 







INSTOCK INSPECTION 


PACKING 





INSTOCK 


OUTGOING INSPECTION 


LEGEND (WHEN APPLICABLE) 


: MANUFACTURING STEP SHIPPING 


: INPUT MATERIAL 


: QUALITY CONTROL OR TESTING 


: 100% INSPECTION 


bl ee YO) 
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NEC ELECTRON DEVICE 


Fig. 2 TAPING DIMENS!ONS 
(UNIT: mm) 





































o 
@ 
[OEE eee 


DESCRIPTION SYMBOL DIMENSION REMARK 
Transistor Width 5.2 MAX. 
A 


Transistor Height 5.5 MAX. 
Transistor Thickness 4.2MAX. 
Transistor Lead Width 0.65 MAX. 
Transistor Taped Lead Length 2.5 MIN. 
Taping Pitch 12.7+£1.0 













































Feed Hole Pitch 12.740.3 Cumulative tolerance: +1.0mm/20pit. 
Feed Hole Position 6.35+0.4 














Lead-to-lead Distance 





Transistor Bend At Center of Transistor 








Tape Width Base Tape 
Adhesive Tape Width 


Hole Position 9.0 7° 
Adhesive Tape Deviation 0.5 MAX. 
Transistor Lead Clinch Height 16.0+0.5 
Upper Limit of Transistor 32.25 MAX. 


Hole Diameter 4.040.2 


Total Thickness of Tape Base Tape Thickness: 0.55 *0:8 





















































4n 


N. i x ELECTRON DEVICE 


Fig. 3 TAPING REEL DIMENSIONS 


(Unit: mm) 





ees 





ae ae ra (eee aries | 


I 
| 
| 


c--- 


i] 
u 











REMARK 


FLANGE Ha Type: OCTAGON, Material: CARDBOARD t = 5.0 
SHAFT SPTE-C, 0.3t 
SHAFT $84 x 674 x 41W mm Material PASTEBOARD 











MARKING “NEC Electron Device” 
MARKING TYPE NO., O’TY, LOT CODE, etc. 
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N EC ; APPLICATION NOTE 





THE SAFE OPERATING AREAS OF TRANSISTORS 
UNDER SWITCHING OPERATIONS 





1. INTRODUCTION 


In recent years, the switching system which is of high efficiency and capable of miniaturization has become 
to be widely employed in the field of power supply units, in place of the series control system. And, occasions 
for the use of transistors as the switching elements in inductive load circuits, such as transformers, is on the 
increase. 

In the switching operdtion of such inductive load circuits, large current and high voltage are applied simul- 
taneously between the collector and emitter at the moment of turn-off. Since the definition and assurance of the 
safe operating area of transistors under such conditions had not been made clear in the past, destruction occurred 
frequently. 

Here, taking NEC’s high speed switching transistors, NTC1862 and NTC1871A, as examples, the concept of 
safe operating area under switching operations shall be described. Also, precautions to be observed when making 
practical applications of the transistors will be described, taking switching regulator circuits as the examples. 


2. CONCEPT OF SAFE OPERATING AREA UNDER SWITCHING OPERATIONS 


2-1 Problem of the conventional Safe Operating Area 

Conventionally, NEC has indicated the safe operating area, as shown in Fig. 1, by the maximum allowable 
power applicable to the transistor when the pulse width is varied. This was measured according to the AVEB 
method shown in Fig. 2, and since the base is always at a higher voltage (in NPN transistors) than the emitter, 
the emitter-base junction is forward biased. For this reason the conventional safe operating area is called the 
forward bias safe operating area. In other words, the forward bias safe operating area will serve as a yardstick for 
safe operation, only when the emitter-base junction is forward biased. And, this state of being forward biased 
corresponds to the moment of turn-on and the state of ‘’on’’ in switching operations. 














Ic sence 









































I¢ - Collector Current — A 






























































Fig. 2 Measurement Circuit for Forward 
Bias Safe Operating Areas. 
Vee — Collector to Emitter Voltage — V (NPN transistors) 








Fig. 1 Forward Bias Safe Operating Areas. (NTC1862) 
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2-2 Reverse Bias Safe Operating Area 

When the transistor is turn-off during switching operation, a reverse bias, including no bias, will be applied to 
the emitter-base junction so that the collector is within the cutoff region. 

Needless to say, the forward bias safe operating area described before cannot be applied to this state, and it is 
necessary to specify and assure, anew, a safe operating area for the condition when the base is reverse biased - - 
reverse bias safe operating area (refer to Fig. 3). 














0.6 











0.4 





I¢ — Collector Current — A 




















0 100 200 300 (7400 500 


VcEo(sus) VCEXI{SUS) 
Vce — Collector to Emitter Voltage — V 


Fig. 3 Reverse Bias Safe Operating Area. (NTC1862) 


3. METHOD OF APPLYING FORWARD AND REVERSE BIAS SAFE OPERATING AREAS 
TO ACTUAL CIRCUITS 


3-1 Basic concept 


Forward bias safe operating area, 


PW = 10s 


— 
oO 


VCE 
[S) Reverse bias safe operating area, 


Operating locus at turn-off. 





Operating locus at turn-on, 
0 A VcEOIsUS) VCEX(SUS) 
VcE—> 


Fig. 4 Safe Operating Area of Switching Operation. 


Generally, when a transistor is employed for switching of inductive loads the operating locus will move 
through the active area between the ‘cutoff’ area [A] and ‘‘on’’ area [B], following the path [A] >— [B] at 
turn-on, and the path [B] >= [A] at turn-off, as shown in Fig. 4. 

Here, the criterion of safe operation is that the operating loci of both turn-on and turn-off reside within the 
area defined by both the forward and reverse bias safe operating areas. 


3-2 Application to actual Switching Regulator Circuits and Precautions. 
Table 1 shows the operating waveforms and loci of transistors employed in 4 typical types of circuits for 
switching regulators. 





AR 


Table 1 Typical Switching Regulator Circuits and their Operating Waveforms. 


1. Push-pull type. 


Ic 


cs (ee 


0 
2Vcc 
o- 


Pa Turn-on 


2Vcc 


Turn-off 


2. Half-bridge type. 


Turn-off 


3. Chopper type. 


Turn-on 
VceE _— 





D.C.* means Drive Circuit. 
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The method of ascertaining safe operation has been described in the preceding paragraph. However, when 


applying the forward and reverse bias safe operating areas to actual circuits the following precautions are 
necessary. 


1) Forward bias safe operating area. 

Since the turn-on time ton is usually less than 10us, the safe operating area when PW = 10ps will become the 
criterion for safe operation. Needless to say, when the turn-on time exceeds 10us the safe operating area of the 
pulse width corresponding to the turn-on time will become the criterion of safe operation. 

Furthermore, derating of the safe operating area to accord with the junction temperature should be performed 
by using the derating curve shown in the data sheets. 

2} Reverse bias safe operating area. 

it should be noted that the reverse bias safe operating area changes according to the driving conditions of the 

reverse bias applied to the emitter-base junction. 




















SCUUOOOS 
OSESSRY 
DSSS 
rx LLL? <x] 
PRS 
COO, 

Xx YL xs 5 
ROS em es 
ROKR 
0 Yce—» =f Vcexisus) 


: Vv 
(1) No bias. (2) Resistance bias. (3) Forced reverse bias. CEO(SUS) 


)-oe : 
\g1— 


Io —e 





'g2 





Fig. 6 Reverse bias safe 
Fig. 5 Biasing methods for turning off the emitter-base junction. Operating area. 


The sustaining voltage between collector and emitter of (1) to (3) of Fig. 5 are VCEO(SUS), VCER(SUS), and 
VCEX(SUS) respectively, and these form the reverse bias safe operating areas. 

In Fig. 6 the portion marked \\\\\ is the safe operating area formed by VCEQ(sUs), and this is the criterion 
for safe operation in the case of (1), No bias, in Fig. 5. Also, the portion marked ///// in Fig. 6 is the safe 
operating area formed by VCEX(SUS) which is the criterion for safe operation in the case of (3), Forced reversed 
bias, in Fig. 5. Generally, there is a relationship of VcEQ(SUS) <VCERISUS) <VCEX(SUS) between 
VCEO(SUS), VCER(SUS). and VCEX(SUS). However, since the value of VCER(SUS) May become VCEQ(SUS) 
SVCER(SUS) according to the values of the resistance and the collector current, in the case of (2), Resistance 
bias, in Fig. 5, similarly to the case of (1) No bias, the criterion of safe operation is the safe operating area formed 
by VCEO(SUS) that is shown by \\\\\ in Fig. 6. 

Since it is necessary to shorten the storage time tstg and fall time tf in switching regulators, it is usual to apply 
forced reverse bias to the emitter-base junction, as shown in (3) of Fig. 5, so from this standpoint the safe 
operating area formed by VCEX(SUS) is the most important. In this case, the higher the reverse bias voltage the 
shortor will be the switching time, however, since the forward bias will tend to collect at the center of the emitter 
and the collector current will be concentrated at this point, breakdown will be tiable to occur through the 
pinch-in effect shown in Fig. 7. Therefore, it is necessary that the condition of the reverse bias be below that of 
the measurement of VCEX(SUS) in the data sheets. (conditions: VBE(QFF) < —5V, !IB2 < |B defined in 
spec.) Since the assurance of VCE x(SUS) is performed at the high temperature of Tg = 125°C, derating according 
to the junction temperature is not required for the reverse bias safe operating area. 


VBE 


c 
ijt 







VITLILI LL ALAA Ah hh dhhhceohchdhctchchechoed 


Fig. 7 Pinch-in Effect. 
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3) Other precautions. 

In the use of these switching regulators, situations of which the ascertaining of safe operation is most required 
are: when power is switched on, and when the load changes suddenly or output terminals are shorted. Most 
destruction occur on such occasions. 

Especially, when power is switched on a collector current of 2 to 4 times of normal current will flow, due to 
the flowing of the initial changing current of capacitors on the load, and spike voitages occurring at turn-off will 
rise. On the other hand, the reverse bias safe operating area of the transistor will decrease in inverse proportion 
to the increase of the collector current. Therefore, it is recommended that a soft start circuit be employed to 
limit the collector current. 


Note) The operating waveforms and loci shown in Table 1 are only examples, and may change greatly under 
different load conditions. 


4. THE NEC METHOD FOR ASSURANCE OF THE REVERSE BIAS SAFE OPERATING 
AREA. 


(This paragraph is explained using the NTC1871A as an example) 


20 








| 
VcEo(sus) ~! 
\ 


VCEX{SUS} 


I 
ie) 100 200 300 400 450 
Vee (V) ——e 


Fig. 8 Reverse Bias Safe Operating Area of NTC1871A. 


The reverse bias safe operating area shown in Fig. 8 is composed by VCEQ(SUS) and VCEX(SUS). 


The definitions and assurance methods of VCEQ(SUS) and VCEx(SUS). will be explained individually as 
follow: 


4-1 VCEO(SuS) 

This is defined as the maximum value of the collector to emitter breakdown voltage when the emitter-base 
junction is in turn-off at no bias with inductive load. Assurance of VCEQ(SUS) is given by noting that this value 
exceeds the VCEQ(SUS) rating. ; 

The measurement circuit for VCEO(SUS) and the waveforms of various parts of the circuit are shown in 
Figs. 9 and 10. 

= 


Rooil 


TUT. 








Tp ok 


selowL. > Vee=10V 
i 


= Vec = 10V 








Pulse Width is adjusted so Q): NTAQ59 Leoj) = 50¢H 
that the specified collector Dy: F114F Reoit = 0.0582 
current Icp is obtained. E Ic = 10A, Igy = 2A 


Fig. 9 Measurement Circuit for VCEQ(SUS).- 
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(1) Overall Diagram 






























































0 10 20 30 40 50 60 70 80 90 


t (us — 





VCEO(SUS) 


(2) VcE and Ic waveforms at turn-off. 


te: 2A/div 


VceE: 100V/div 














00.5 101.5 202.5 3 














t (us 


Fig. 10 Waveforms of various parts of the Circuit. 


4-2 VCEX(SUS) 








.0 3.5 4.0 4.5 6.0 


This is defined as the applying between the collector and emitter of the energy stored in the inductance of 
the load, which is clamped at the VCEx(SUS) rating, while the emitter-base junction is in turn-off by the 
application of forced reverse bias. Assurance of VCEX(SUS) is given by the non-occurrence of destruction or 


degradation of characteristics during the above. 


The measurement circuit for VCEX(SUS) and the waveforms of various parts of the circuit are shown in 


Figs. 11 and 12. 


VIN 


Stale 


Pulse Width is adjusted so 


= Vee~10V 


T= VBE(OFF)=5V 


S é Q4: NTA959 Leoil = 180nH 
that the specified collector Dy: F114e Reoil = 0.052 
current Icp is obtained, 
O02: 6FH4S 


Fig. 11 
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Velamp = 450V 


Measurement Circuit for VCEX(SUS)- 


= Vclamp 


Leoit 





Reoil 


= Vcc 


c= 10A, Ig1 = —Ip2= 2A 





VCEX(SUS) 


(1) Overall Diagram (2) VCE and Ic waveforms at turn-off. 
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QO 20 40 60 80 100120140160180 
t (us) —> 


Fig. 12 Waveforms of various parts of the Circuit. 


The above method assurance has the two following features. 

1) Assurance is performed at the high temperature of tg = 125°C 

2) Since the collector to emitter voltage is clamed at the VCE x(SUS) value, breakdown will not occur providing 
an assurance of high reliability. 


5. CONCLUSION 


The concept and method of assurance of the safe operating areas of transistors under switching operations 
have been described above. And, it has been shown that the reverse bias safe operating area is indispensable, when 
employing transistors lacking assurance of this item for switching. 
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NEC APPLICATION NOTE 





CALCULATION METHOD FOR THE JUNCTION TEMPERATURE 
OF TRANSISTORS DURING PULSE POWER DISSIPATION 





1. INTRODUCTION 
Junction temperature is one of the important items for ascertaining the operating condition of transistors. 
Generally, the junction temperature is calculated from the following equation. 
Tj = Pp-Rth (-c) + TC 


where, Tj : Junction temperature 
TC : Case temperature 
PD : Power dissipation 
Rth (j-c) <= D.C. thermal resistance from junction to case. 


However, when the power dissipation is in the form of pulses, accurate junction temperature cannot be 
determined unless transient thermal resistance is employed in the calculations. Here, a method for calculating the 
junction temperature during pulse power dissipation shall be described employing the high speed, high voltage 
switching transistor, NTC1871A, as an example, and including applications of the same to switching regulators. 


2. TRANSIENT THERMAL RESISTANCE 

Transient thermal resistance is defined as the reciprocal of the heat conductivity during the pulse power 
dissipation. The heat generated in the junction of the transistor by power dissipation is conducted away through 
the following path, and the resistance to this conduction is expressed as the thermal resistance. Junction > 
Pellet(silicon) > Mounting material > case > heatsink > Environment. 
Generally, the time required for the heat between the 


Ti Junction 
PSN eee Pellet 


A 


junction and case, and the case and enviroment, to reach 










Mounting material @ Steady state (thermal equilibrium) is 1 to 10 seconds 
DABRADEREEARRABEN 


Vint LLL. 


Ta Environment 


, for the former, and several minutes for the latter. There- 
transistor case 
fore, for power dissipation of short pulses, the tempera- 
ture rise is limited to the proximity of the junction. And, 
for pulses of 100ms or less width, the temperature rise 
becomes almost irrelevant of the state of heat radiation of 
Fig. 1 Structure of a Transistor. the transistor. 
Note) When the pulse width of the power dissipation exceeds 100ms, the junction temperature cannot be calculated unless the 


transient thermal resistance of the whole system, including the heat sink, is known. 
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The Transient Thermal Resistance versus Pulse Width characteristics of the NTC1871A are shown in Fig. 2 


TRANSIENT THERMAL RESISTANCE 


10 














TEST CONDITIONS 
Vce=50V , ATj=50° 





a 
UP PP 
1 a 
come LLME LUE LETT LAT 


0.1 100 1000 
PWw— Pulse Width—ms 


rth (j-c) — Transient Thermal Resistance — °C/W 




















Fig. 2 Transient Thermal Resistance versus Pluse Width of the NTC1871A. 


Generally, when the pulse width is short the transient thermal resistance is approximate to the following 
expression. 


rth (j-c) © VT where, rth (j-c) : Transient thermal resistance from junction to 
case. 
T : Width of pulse. 


In the case of the NTC1871A, the transient thermal resistance corresponds to the above expression when the 
pulse width is less than 10ms. 


3. APPLICATION RANGE OF TRANSIENT THERMAL RESISTANCE; 


When determining the junction temperature rise caused by pulse power dissipation by employing transient 
thermal resistance, attention should be paid to the fact that the range over which transient thermal resistance may 
be applied is limited to cases where no local temperature rise (hot spot) has been created through concentration 
of current in the junction. 

In other words, it is necessary that the pulse power dissipation is within the safe operating area and, at the 
same time, that no current concentration is created. 

An example of a forward bias safe operating area is shown in Fig. 3. In this figure, ‘’Dissipation Limited’’ 
indicates the region limited by transient thermal resistance, and ‘’S/b Limited” indicates the region limited due to 
hot spots being formed through the concentration of current. 

The dependency of ATj {increment rise of junction temperature) on the Vcp bias is shown in Fig. 4, and 
region A corresponds to the ‘Dissipation Limited’’ mentioned before, and region B corresponds to ‘’S/b Lim- 
ited'’. Attention should be paid here to the fact that, even in the region B, when the collector current is derated 
enough, Ic x Vcp & AT; and the transient thermal resistance may be applied. In this case a derating of more than 
40% of the Ic value is recommended. 

\f the assured range is not exceeded, the application of transient thermal resistance to reverse bias safe operat- 


ing areas presents no problem. Refer to Semiconductor Technical Data ‘‘The Safe Operating Area of Transistors 
under Switching Operations”’. 
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Fig. 3 Forward Bias Safe Operating Area. Fig. 4 The dependency of ATj on the Vcp bias. 


4. CALCULATION METHOD OF THE JUNCTION TEMPERATURE DURING PULSE POWER 
DISSIPATION 
Basically, the junction temperature rise is calculated by approximating the power dissipation waveforms to 
square waves and employing the principle of superposition and the following equation. 


ATj = rth(j-c) (t) x Pp 
Where, AT; : Temperature rise of junction from case temperature. 
‘th(j-c) (7): Transient thermal resistance from junction to case, when pulse width 
is T. 
Pp : Power dissipation. 


4-1 Power Dissipation of irregularly repeating Square Waves. 

The method of determining the junction temperature rise resulting from the power dissipation of irregular 
square waves is shown in Fig. 5. 

It is assumed that an infinitely continuing step shaped power dissipation P 1 is applied from t = to, and after 
which an infinitely continuing negative step shaped power dissipation —P; is applied from t = ty. The same 
assumptions are applied to P29, P3, and Pa, and then calculations are performed according to the pringiple of 
superposition. 

Results of the calculations become as follows: 


ATj1 = P71 X rth(j-c) (t1 — to) 
ATj2 = Py x [rth(j-c) (t3 — to) — rthfj-c) (tg — t1)] + P2 x rth(j-c) (tg — t2) 
ATj3 = Pq x [rth(j-c) (t5 — to) — rth(j-c) (t5 — t1)] + P2 x [rth(j-c) (ts — t2) — rth(j-c) (ts — t3)] 
+ P3 x rth(j-c) (ts — ta) 
ATj4 = Py x [rth{j-c) (t7 — to) — rth(j-c) (t7 — t1)] + P2 x Erth(j-c) (t7 — ta) — rth(j-c) (t7 — t3)] 
+ P3 x [rth(j-c) (t7 — ta) — rth(j-c) (t7 — t6)] + P4 x rtnfi-c) (t7 — te) 
When expressed by a general equation the above become: 


ATjn= z Pr (rea) (tant = tad) — RAGS) (tana AQIA o4 ooo ee asu ales (1) 
In the above: Py,P9,P3...... Pn : Power dissipation. 
ATj1, ATj2 .... ATjn : Temperature rise of the junction from the case temperature at the 
end of P7,P2,P3 ....... Ph. 
to, t1,t2, .......tn: Time at the start and end of power dissipation. 
rth(j-c) (tx — ty) : Transient thermal resistance from junction to case, when pulse width 
is (tx —ty) 
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(a) Pa 
Power dissipation 


(b) 
Dissolution according to the 
principle of superposition. 


(c) 
Transformation to junction 
temperature rise. 


(d) 
Temperature rise of junction. 





Fig. 5 Method of determining the Junction Temperature Rise from irregularly repeating Square Wave Power 
Dissipation. 
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4-2 Power Dissipation of regularly repeating Square Waves. 

The method for determining the junction temperature rise resulting from regulariy repeating square waves is 
shown in Fig. 6. 

For power dissipation waveforms of this type. The 2 to 3 waves portions protruding from the average value of 
the total period are taken together for the calculation. This calculation method will be the most easy, accurate, 
and effective one. 

In actual calculation, from the approximation of power dissipation waveforms (b}, the increment of the 
junction temperature rise is determined by applying" Po for an infinite period, and further applying (1 —+) Po 
for (7 + T) period, —Pg for T period, and Pg for 7 period. The result of the calculation is: 


(a) - 


Power dissipation Po 


(b) 
Approximation of power 
dissipation 





(c) Po 
Application of the principle 
of superposition. Pay 


(d) 
Transformation to junction 
temperature rise. 


(e} 


Temperature rise of junction , 
AT j (peak) 
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_ It 


Fig.6 Method for determining the Junction Temperature Rise for regularly repeating Square Wave Power 
Dissipation. 





AT} (peak) =7"PO* Rth(j-c) + (1 —F)+Porrth(j-c) (T +7) — Por rthij-c) (T) + Porrthij-c) (7) 


= Pol+*Rth(j-c) +(1 —F)+rth(j-c) (T +7) —rth(j-c) (T) + tthij-c) (] .. (2) 

Where, . ATj(peak) : Maximum value of junction temperature rise from case temperature. 
Pg : Power dissipation. 
T : Pulse width of power dissipation. 
T : Period 
Rth(j-c) : D.C. thermal resistance from junction to case. 
rth(j-c) (tx) : Transient thermal resistance from junction to case for pulse width 

of tx. 


4-3 The Approximation to Square Waves of Non-Square Wave Power Dissipation. 

Since the actual power dissipation waveforms are of complex form, the junction temperature is determined by 
the methods described in 4-1 dnd 4-2, after the waveforms have been approximated to square waves. 

When the waveform is close to that of a square wave, as shown in (a) of Fig. 7, the peak values are made the 
same and the pulse width taken so that the areas are equal. 

In the case of sinusoidal waves and triangle waves shown in (b), the peak value is made 0.7 x Pp and the pulse 
widths are taken as 0.91t and 0.71t respectively. 

In the case of complex waveforms as shown in (c), the waveform is divided into several square waves totalling 
to the same area as the original waveform. 

Care should be taken when approximating waveforms as described above, since, according to the method of 
approximation employed, great difference may result in the calculation of the same power dissipation. 

Examples of power dissipation applied to a NTC1871A are shown in Fig. 8. For the same triangle wave power 
dissipation, there is a 25°C difference in the results calculated from approximation method (a) and (b). 
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Fig. 8 Temperature Rise of Junction by Triangle Wave Power 
Dissipation. 
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Fig. 7 Approximation to Square waves of Power 
Dissipation. 


This is because, for the same amount of energy, the junction temperature rise is more severe when the peak 
value is high and the pulse width short, than when the peak value is low and the pulse width long. 

(This can also be explained from the fact that the transient thermal resistance is proportional to the 1/2 power 
of the pulse width, as described in 2...... tthij-c) &Vr.....) 

When (a) and (b) are compared, subdividing the waveform as shown in (b) gives a result approaching nearer to 
the actual temperature rise, and can be said to be a method preferable for economical design. Furthermore, it 
should be noted that the approximation of (b) of Fig. 6 gives a result of AT; = 95°C, which is approximately the 
same value as that given by (b) of Fig. 7. 


5. APPLICATION TO ACTUAL USE. 


Here, application to a switching regulator shall be described, using the NTC1871A as an example. 


5-1 Junction temperature in a steady state. 
Generally, in the switching mode power dissipation is composed of 3 portions, Namely: 
P1: Power dissipation at the moment of turn on. 
P9: Power dissipation during the on state. (Power dissipation due to saturation voltage. ) 
P3: Power dissipation at the moment of turn off. 
When the junction temperature rise is determined, employing the method described in 4-2, the result of 
calculation will be as follows: 


ATj(peak)=P4* Rth(j-c) + (P5 — Pade rthij-c) (T — 7) — P5erth(j-c) (T) + Prerth(j-c) (7) 


— (Pq — Pa) *rth(j-c) (ta + tg) + P3*rth(j-c) (tg) CC)... 0.2... (3) 
Where, AT}(peak) : Maximum value of junction temperature rise from case temperature. 
P1 —P3 : See above. 
P4 : Average power dissipation over total period. 
P5 : Average power dissipation during period of 7. 
T=t1 +t2+t3Z : Pulse width of power dissipation. 
T : Period 
4 : Pulse width of turn on, 
t2 : Pulse width of ON period. 
t3 > Pulse width of turn off. 
Rth(j-c) : Thermal resistance from junction to case. 
rth(j-c) (tx) : Transient thermal resistance from junction to case, when pulse width 
is tx. 
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Fig.9 Power Dissipation Waveforms in the Switching Mode, and Method of determining the Junction 
Temperature in the Steady State. 
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Fig. 10 Collector Current and Collector to Emitter Voltage Waveforms and Power Dissipation Approximation in 


Switching Regulators. 


Typical waveforms of a switching regulator (Vij : 140Vpc, Output : 300W, f = 20kHz) are shown in Fig. 10. 





R7 


Now, the junction temperature is calculated by applying equation (3). 


P; = 70W, t1 = 0.18ps, (Pr = 100W, tr = 0.2ps) 
Po =2.0W, t2= 19.5ps, (VcE (sat) = 0.5V, IC(av) = 4.0A) 
P3=560W, +t3=0.36ys, (Ps = 800W, t¢ = 0.5ps) 


Py =455 Ppdt = 5.06W 
P5 =a 9 Podt = 12.7W 


T = 50ps 
= 20ps 
The transient thermal resistance is read from Fig. 1. 
ATj(peak) = 5.06 x 1.25 + (12.7 — 5.06) x 0.055 — 12.7 x 0.046 + 70 x 0.03 — (70 — 2.0) 
x 0.03 + 560 x 0.004 
= 6.33 + 0.42 — 0.58 + 2.1 — 2.04 + 2.24 
= 8.47 (°C) 
Therefore, in the example of Fig. 10 the temperature rise of the junction from the case temperature will 
become 8.5°C. 
In addition to the collector power dissipation described above, the power dissipation of transistors includes 
that of the base. However, since in a power unit as shown in the example this power dissipation is usually less 
than 0.5W, this has been neglected. 


5-2 The junction temperature during transitory overloads. 

In switching regulators, due to the response time of the control circuit, etc., a transitory overload of less than 
several milliseconds may be applied to the main switching transistor when power is thrown in or the load is short 
circuited. 

Fig. 11 shows an example of such transitory overload, and the method described in 4-1 is employed to 
calculate the junction temperature rise. The result of calculation shows that the maximum value of the 
temperature rise of the junction is approximately 52°C from the case. 

Caution should be observed, since if the load impedance of the transistor is markedly small compared to the 
steady state, or the pulse width is in an uncontrolled state, only the hFE of the transistor is limiting the inrushing 
current. 

Furthermore, since the transistor is operating in an unsaturated state, in this example the effect on the 
temperature rise of the junction from the power dissipation of pulse widths t¢ and tr is small, and is neglected. 
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Fig. 12 Temperature rise of Junction from 
Mono-pulse Power Dissipation. 
Fig. 11 Example of the application of a Transitory Overload. 


Now, when the overloaded state in the example of Fig. 11 continues for more than 1ms, the application of 
equation (1) becomes difficult. 
That is, though the AT; of mono-pulse power dissipation is given by equation (1) as: 
ATj = Pylrth(j-c) (t) — rth(j-c) (t—t1)] (t1 <t) 
when, for example, ty = 25us and t = 1ms it becomes practically impossible to read the difference between 
rth(j-c) (1ms) and th(j-c) (1ms — 25s). See Fig. 12. 
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This is an important point, since the power dissipation of complex pulses are all determined from the com- 
bination of one-shot pulses (the principle of superposition). 

In the above case, approximation is performed by using equation (2) of 4-1. 

ATj(peak) = Pole Rth(j-c) + (1 —F)+rth(j-c) (T +7) = rth(j-c) (T) + rthij-c) (7... (2) 

The maximum value of the junction temperature rise is calculated from the above equation by employing 
in place of the Ist term Rth(j-c), that is the D.C. thermal resistance from junction to case, the transient thermal 
resistance of the period over which the transient state continues, and for Pg the peak value in order to ensure 
safe design. 

When the effect caused by the power dissipation of pulse widths tr and t¢ cannot be disregarded, equation 
(3) is employed. 


6. PRECAUTIONS TO BE OBSERVED FOR SAFE DESIGN. 


With the preceding paragraph, explanation of methods for calculating junction temperature has been finished. 
However, the junction temperature determined is one of the most important factors concerning the reliability 
of transistors, therefore in order to ensure safe design the following derating is recommended. 

Tj = (Tjmax -25)x0.8425(°C) 2.0... ee [20% derating] 
where, Tj : Junction temperature. 
Tjmax: Maximum junction temperature at Absolute Maximum Rating. 


7. CONCLUSION 

In the above, methods of calculating the junction temperature rise of transistors resulting from pulse power 
dissipation and precautions to be observed for safe operation have been explained. These calculation methods 
may be applied to other semiconductor products such as thyristors and diodes, and the reader is persuaded to 
make application in these fields. 
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NEC APPLICATION NOTE 


Switching Regulators 





FEATURES AND APPLICATIONS OF HIGH SPEED POWER TRANSISTORS 
FOR USE IN SWITCHING REGULATORS 





Beginning with computers and terminals, miniaturization of electronic equipment has advanced rapidly in 
recent years, owing developments in high-density construction resulting from the adoption of ICs and LSls. 
Followed to this, the demand for miniaturized and highly efficient built-in power equipment has been very 
strong and switching regulators have become the object of public attention in place of series regulators 
which were widely used in the past. 

To accomplish miniaturization of switching regulators, switching in high frequencies (higher than 20kHz 
or more) is required. To satisfy this need, development and improvement of electronic parts, such as, 
switching elements, low impedance electroltic capacitors, fast recovery diodes, etc.,has been needed urgently. 

NEC has recently placed a high frequency power transistor series on the market, which covers tran- 
sistors for use in almost all kinds and capacities of switching regulator circuits. 

Here, descriptions will be centered on the features and problems relating to the use of these power 
transistors, and will include some principles and application of switching regulators. 
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Fig. ! Basic Circuit and Operational Waveforms of Switching Regulator 


THEORY OF OPERATION OF SWITCHING REGULATORS 


As shown in Fig. 1, the basic switching regulator circuit has switch SW, which turns on or off the 
non-stabilized input power, at its input and sends the switched ON-OFF pulses to the smoothing circuit. 
The output voltage of the smoothing circuit is proportional to the duty cycle of the ON-OFF pulses and 
this fact Is utilized in switching regulators. 

If switch SW is closing during a period of time Ton in one repetition period T, output voltage Vout Is 
given by the following equation. 


t 
Vout => Vin 





ea 


The situation is shown in Fig. 1(b). 

Since input voltage Vin of a switching regulator is derived from rectified and smoothed commercial AC 
power, it contains unavoidable voltage deviations resulting from an allowed variation of +10% of commer- 
cial power and deviation of the smoothed output voltage in one period of commercial power related to load 
impedance. Accordingly, to derive a stabilized output from such non-stabilized power input, the duty cycle 
should be varied in accordance with input voltage variation. 

If output voltage is stabilized by decreasing ton to ton—Aton with input voltage Vin increased to Vin 
+AVin, considering T is a constant, Aton is given by the following equation. 

AVin 


Aton = Vint AVin tON 


= ay Sas AVin 


where Vin > AVin 


The equation shows that the pulse width should be changed by the amount which is approximately pro- 
portional to input voltage deviation AVin. 

In practice, however, deviations resulting from forward voltage VF of flywheel diode Di and voltage 
drop caused by series resistance of choke coil L are included in the equation together with the input 
voltage deviation above. To smooth these deviations, a feedback system, which is controlled by an ampli- 
fied difference voltage between reference voltage Vp and the divided portion of the stabilized output volt- 
age, and sensibly responds to any small deviation in the output voltage, is generally adopted in practical 
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Fig. 2 Comparison of Series Regulator to Step-down Chopper Type Switching Regulator 


CONSTRUCTION OF SWITCHING CIRCUIT 


For the switching circuit which derives non-stabilized DC input voltage from the commercial AC input 
and leads it to the switching element and then to the smoothing circuit, the step-down chopper circuit 
which can be constructed .by using low voltage transistors (of Vc—Eo =100V ), has been generally 
used so far.In recent years, however, as a result of the development of high-voltage high-speed tran- 
sistors, controlled invertor type power equipment, which enables line operation, has been utilized. Now, 
an appropriate circuit system can be selected from among various systems in accordance with the desired 
input AC voltage (AC 100V or AC 200V) and specification of the power equipment (capacity and number 
of outputs, etc.). Various switching regulators are classified according to their circuit system in Table 1. 
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Table | Classification of Switching Regulators According to the kind of Circuit System 


ON-ON Type 
ON-OFF Type 


Single Drive Type | 


Push-pull Type 
Controlled Inverter System 


(Control in primary side) ; 
Half-bridge Type 


Switching Full-bridge Type 
Regulators 


Step-down Chopper System 


Step-down Chopper System | (Transistor Switch) 
(Control in secondary side) 


Magnetic Amplifier System 





Among these, basic circuit construction of a step-down chopper type switching regulator which is 
particularly adaptable for a multi-output power source is shown in Fig. 3(a), and that of a push-pull 
switching regulator with its control device in its primary side, is shown in Fig. 4. Furthermore, to 
miniaturize the step-down rectifier circuit, switching regulators having their control devices in their secon- 
dary side will often be constructed by using a direct switching type high frequency invertor circuit which 
does not need any power transformer, as shown in Fig. 3(b). 
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(a) step-down chopper type switching regulator circuit (b) AC to DC converter circuit 
Fig.3 Circuit Construction of Step-down Chopper Type Switching Regulator 

















Fig.4 Circuit Construction of Push-Pull Type Switching Regulator 








POWER TRANSISTORS 


Existing switching power transistors having high breakdown voltage and low switching speed are not 
suitable for switching regulator applications, because they have various disadvantages, such as, switching 
loss, polarization of magnetic field in power transformer resulting from the difference of storage time tstg 
of transistors in a push-pull circuit, etc. 

Specifications and characteristics of the lately announced NEC high speed power transistor series 
are summarized in Table 2. 


Table 2. NEC High Speed Power Transistor Series for Switching Regulator (New Product) 


MAXIMUM RATINGS CHARACTERISTICS 


SW. TIME TYP. 






CODE NO. | PACKAGE 
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NTC1860 
NTC1861 
NTC1862 
NTC1863 
NTC1864 
NTC1865 
NTC1866 
NTC1867 
NTC1868 
NTC1869 
NTC1870 
NTC1871A 






















The Table covers eleven models of transistors from NTC1860 (VcEo(sus) =100V, lc =2.0A and TO-39 
type) to NTC1871A (VcEo(sus) =400V, Ilc=15A and TO-3 type). 
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Fig.5 NTC1871A Switching Time Characteristics 


The characteristics required in a transistor used in a switching regulator circuit are summarized in 
four items as follows. 

(1) Quite a high switching speed. 

(2) Small collector saturation voltage VcE (sat). 

(3) High breakdown voltage. 

(4) Wide safe operating area. 


|. Breakdown Voltage 


When a push-pull type switching regulator is operated by 100V AC, 280V DC the voltage value 
equivalent to two times of 140V which is the peak voltage of 100V AC is applied to the transistors. 
To comply with this requirement, the transistors should be of Vc—Eo =400V or more. As for the transistor 
itself, however, higher breakdown voltage means smaller hrFe and disadvantageous switching characteris- 
tics, as shown in Table 2. So, it is practical to use a transistor of VcEo=100V or more in a step-down 
chopper circuit where high breakdown voltage transistor is not needed. Suitable transistors should be 
selected just to comply with the circuit requirement. 


2. Switching Characteristics 


Usually, a switching regulator adopts high speed switching as high as 20kHz in frequency, so that 
switching speed of the transistors in use should be sufficiently high. 

(1) ton, tr 

Since switching loss of a transistor is determined by ton and tt, these factors should be very short 
from the standpoint of efficiency and for the effective heat dissipation design. 
(Refer to Table 2.) 
(2) tstg 

Since storage time tstg is equal to the delay time of the control circuit of the switching regulator, 
tstg should be very short. Also, when two transistors operate symmetrically as in a push-pull circutt, 
the difference of storage time of the two transistors may cause polarization of magnetism in the power 
transformer. In this case storage time of the two transistors should have a small difference as well as 
very short duration. 
(3) tstg and t¢ at light load 

Switching characteristics of a transistor usually depend on collector current and are represented 
by curves such as shown in Fig. 5(a). When collector current of a transistor, operating by constant 
base driving current in a switching regulator circuit, decreases due to a sudden change of road, tstg 
and tf of the transistor usually tend to increase as shown in Fig. 5(b). Especially in case of a 
transistor having poor hee linearity, its tstg and tf may become exceedingly long. This fact may simul- 
taneously turn on the two transistors in symmetrical operation causing damage of these transistors. 

As explained above, switching speed of the transistor in use should be very high, while tstg and tr 
of a transistor varies with outgoing base current as shown in Fig. 5(c). In a circuit where IB2 is 
dependent on base-emitter resistance Ree, both tstg and tt become very long. To avoid this phenome- 
non, the circuit should be designed to have a negative base bias whenever the transistor is turned to 
OFF. This negative bias voltage, around VBE = —5.0V, is applied in general practice. If a negative 
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bias which exceeds its VEBo is applied, deterioration such as decrease of hre might happen specially 


in case of a transistor having low VesBo. 


3. VceE(sat) 
Since VcE (sat) varies with drive ratio lc /IB, to decrease power loss resulted from VcE (sat), a tran- 
sistor should be operated in a sufficiently saturated state with ample-driving current Ip. Especially, 


Vceo =400V class transistors, whose hrFE is not generally a high value, should preferably be operated 
with a drive ratio of about Ic /Ip =5.0. 


4. Safe Operating Area 
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Fig.6 NTCI871A Forward Bias Safe Operating Areas 


Since a switching regulator is operated with its transistor in inductive load condition, it is difficult to 
eliminate a surge voltage induced when the transistor is turned to OFF. Accordingly, the transistor should 
have a breakdown voltage high enough to withstand such instantaneous voltage (less than 1.0 us). 
Moreover, in preparing the power transformer, attention should be paid to the winding procedure to 
minimize the leakage flux. 

Furthermore, since the transistor might be overloaded at the starting time of the switching regulator 
or during the delay time before the over-current protector circuit starts to operate, it should be confirm- 
ed beforehand that the transistor is operated in a safe operating area as shown in Fig. 6. Although 
the safe operating area in Fig. 6 is defined by forward current, another method of defining safe oper- 
ating area by using VcE (sus) or Es/p') VCE (sus) is a value which represents durability of a transistor 
under primary breakdown conditions resulting from a surge voltage caused by an inductive load. These 
characteristics (VcE (sus) and Es/b) are now being evaluated as a criterion for determined Safe Operating 


Area. 
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APPLICATION CIRCUIT OF SWITCHING REGULATOR 


A schematic diagram of push-pull type switching regulator is shown in Fig. 8. 
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Fig.8 An Example of Push-pull Type Switching Regulator Circuit 
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At present, pulse-width control circuit of a switching 
regulator contains many devices such as oscillators, error 
amplifiers, comparators, flip-flops, gate, etc. and comprises 
component parts of thirty or more in number. — Especially 
in miniaturized power equipment of 50W class, reduction in 
number of component parts and reductionof man power 
are considered to be urgently needed. Although circuit’ 
construction and parts in use of pulse-width control circuit 
are not yet standardized and each power equipment manu- 
facturer has its own know-how and different designs, mono- 
lithic ICs with built-in protection circuits for the purpose 
will be developed in the future for the above mentioned 
reason. 
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(1) Notes on VcE (sus) and Es/b 

It is widely known that the Vceo—lIc characteristics of a transistor show a negative resistance. 
When a transistor with inductive load is switched ON and OFF, as shown in Fig. 7 a surge voltage is 
induced between both ends of inductor L at the instant when the transistor is turned to OFF. The 
transistor goes into (primary) breakdown consuming almost all of power '/2LIc? in itself. The VceE—Ic 
characteristics in the course of this phenomenon are shown in Fig. 7(c), and it is recognized that VcE 
decreases to a value 40 to 50V less than VcEo(sus) aS measured current Ic increases. Then the value 
of Ic reaches a value where a secondary breakdown takes place to destroy the transistor. If the value 
of Ic just before the secondary breakdown is designated as Ic max., the energy Es/p=sL-(lo MAX.)? 
shows a maximum bearable power of the transistor in its safe operating area. 


NV. E¢ ; APPLICATION NOTE 





THE SAFE OPERATING AREAS OF TRANSISTORS 
UNDER SWITCHING OPERATIONS 





1. INTRODUCTION 


In recent years, the switching system which is of high efficiency and capable of miniaturization has become 
to be widely employed in the field of power supply units, in place of the series control system. And, occasions 
for the use of transistors as the switching elements in inductive load circuits, such as transformers, is on the 
increase. 

In the switching operation of such inductive load circuits, large current and high voltage are applied simul- 
taneously between the collector and emitter at the moment of turn-off. Since the definition and assurance of the 
safe operating area of transistors under such conditions had not been made clear in the past, destruction occurred 
frequently. 

Here, taking NEC's high speed switching transistors, NTC1862 and NTC1871A, as examples, the concept of 
safe operating area under switching operations shall be described. Also, precautions to be observed when making 
practical applications of the transistors will be described, taking switching regulator circuits as the examples. 


2. CONCEPT OF SAFE OPERATING AREA UNDER SWITCHING OPERATIONS 


2-1 Problem of the conventional Safe Operating Area 

Conventionally, NEC has indicated the safe operating area, as shown in Fig. 1, by the maximum allowable 
power applicable to the transistor when the pulse width is varied. This was measured according to the AVEg 
method shown in Fig. 2, and since the base is always at a higher voltage (in NPN transistors) than the emitter, 
the emitter-base junction is forward biased. For this reason the conventional safe operating area is called the 
forward bias safe operating area. In other words, the forward bias safe operating area will serve as a yardstick for 
safe operation, only when the emitter-base junction is forward biased. And, this state of being forward biased 
corresponds to the moment of turn-on and the state of ‘’on”’ in switching operations. 
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Fig. 2 Measurement Circuit for Forward 
1 2 5 10-20 50 100 = 200 a Bias Safe Operating Areas. 
VcE — Collector to Emitter Voltage — V (NPN transistors) 





Fig. 1 Forward Bias Safe Operating Areas. (NTC1862) 
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2-2 Reverse Bias Safe Operating Area 

When the transistor is turn-off during switching operation, a reverse bias, including no bias, will be applied to 
the emitter-base junction so that the collector is within the cutoff region. 

Needless to say, the forward bias safe operating area described before cannot be applied to this state, and it is 
necessary to specify and assure, anew, a safe operating area for the condition when the base is reverse biased - - 
reverse bias safe operating area (refer to Fig. 3). 











tc — Collector Current — A 














Vceoisus) YCEX{SUS) 
Vce — Collector to Emitter Voltage — V 


Fig. 3 Reverse Bias Safe Operating Area. (NTC1862) 


3. METHOD OF APPLYING FORWARD AND REVERSE BIAS SAFE OPERATING AREAS 
TO ACTUAL CIRCUITS 


3-1 Basic concept 


Forward bias safe operating area. 


PW = 10s 


hig 
LD Reverse bias safe operating area. 





ri i f 
Operating focus at turn-on. Operating locus at turn-off. 


0 A Vceoisus) VCEX(SUS) 
VcE—~ 


Fig. 4 Safe Operating Area of Switching Operation. 


Generally, when a transistor is employed for switching of inductive loads the operating locus will move 
through the active area between the “cutoff” area [A] and ‘‘on’’ area [B], following the path [A] >— [B] at 
turn-on, and the path [B] ~— [A] at turn-off, as shown in Fig. 4. 

Here, the criterion of safe operation is that the operating loci of both turn-on and turn-off reside within the 
area defined by both the forward and reverse bias safe operating areas. 


3-2 Application to actual Switching Regulator Circuits and Precautions. 
Table 1 shows the operating waveforms and loci of transistors employed in 4 typical types of circuits for 
switching regulators. 
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Table 1 Typical Switching Regulator Circuits and their Operating Waveforms. 


Circuit System 


Typical Load Curves and Waveforms 





1. Push-pull type. 





I¢ 


ss Ve 


0 
2Vcc 
o- 


i Turn-on 


Vcc 2Vcc 
VCE —e 


Turn-off 





2. Half-bridge type. 


3. Chopper type. 





D.C.* means Drive Circuit. 
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Turn-off 0 
ms Vcc 
o CE F 
3 Vcc 
ES 7 


2 3 Vcc Vcc 


VCE —> 


Turn-off 
0 Vec 


Turn-on 
VcE —_ 


0 
: Turn-off 
YL VCE 
0 Vcc o- 


Turn-on 
VCE _—e 








The method of ascertaining safe operation has been described in the preceding paragraph. However, when 
applying the forward and reverse bias safe operating areas to actual circuits the following precautions are 
necessary . 

1) Forward bias safe operating area. 

Since the turn-on time ton is usually less than 10ys, the safe operating area when PW = 10ps will become the 
criterion for safe operation. Needless to say, when the turn-on time exceeds 10us the safe operating area of the 
pulse width corresponding to the turn-on time will become the criterion of safe operation. 

Furthermore, derating of the safe operating area to accord with the junction temperature should be performed 
by using the derating curve shown in the data sheets. 

2) Reverse bias safe operating area. 

{t should be noted that the reverse bias safe operating area changes according to the driving conditions of the 

reverse bias applied to the emitter-base junction. 
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(1) No bias. (2) Resistance bias. (3) Forced reverse bias. CEO(SUS) 


Fig. 6 Reverse bias safe 
Fig. 5 Biasing methods for turning off the emitter-base junction. operating area. 


The sustaining voltage between collector and emitter of (1) to (3) of Fig. 5 are VCEO(SUS), VCER(SUS), and 
VCEX(SUS) respectively, and these form the reverse bias safe operating areas. 

In Fig. 6 the portion marked \\\\\ is the safe operating area formed by VCEQ(SUS), and this is the criterion 
for safe operation in the case of (1), No bias, in Fig. 5. Also, the portion marked ///// in Fig. 6 is the safe 
operating area formed by VCEx(SUS) which is the criterion for safe operation in the case of (3), Forced reversed 
bias, in Fig. 5. Generally, there is a relationship of VCEQ(SUS) <VCER(SUS) <VCEX(SUS) between 
VCEO(SUS), VCER(SUS), and VCEX(SUS). However, since the value of VCER(SUS) may become VCEQ(SUS) 
<VCER(SUS) according to the values of the resistance and the collector current, in the case of (2), Resistance 
bias, in Fig. 5, similarly to the case of (1) No bias, the criterion of safe operation is the safe operating area formed 
by VCEQ(SUS) that is shown by \\\\\in Fig. 6. 

Since it is necessary to shorten the storage time tstg and fall time t¢ in switching regulators, it is usual to apply 
forced reverse bias to the emitter-base junction, as shown in (3) of Fig. 5, so from this standpoint the safe 
operating area formed by VCEX(SUS) is the most important. In this case, the higher the reverse bias voltage the 
shortor will be the switching time, however, since the forward bias will tend to collect at the center of the emitter 
and the collector current will be concentrated at this point, breakdown will be liable to occur through the 
pinch-in effect shown in Fig. 7. Therefore, it is necessary that the condition of the reverse bias be below that of 
the measurement of VCExX(SUS) in the data sheets. (conditions: VBE(OFF) < —5V, IB2 < !p2 defined in 
spec.) Since the assurance of VCE X(SUS) is performed at the high temperature of Tg = 125°C, derating according 
to the junction temperature is not required for the reverse bias safe operating area. 


VBE VCE 






DIZZZLAL LAA AA hh A hhececheachdeodechehle 


Fig. 7 Pinch-in Effect. 


72 


3) Other precautions. 

In the use of these switching regulators, situations of which the ascertaining of safe operation is most required 
are: when power is switched on, and when the load changes suddenly or output terminals are shorted. Most 
destruction occur on such occasions. 

Especially, when power is switched on a collector current of 2 to 4 times of normal current will flow, due to 
the flowing of the initial changing current of capacitors on the load, and spike voltages occurring at turn-off will 
rise. On the other hand, the reverse bias safe operating area of the transistor will decrease in inverse proportion 
to the increase of the collector current. Therefore, it is recommended that a soft start circuit be employed to 
limit the collector current. 


Note) The operating waveforms and loci shown in Table 1 are only examples, and may change greatly under 
different load conditions. 


4. THE NEC METHOD FOR ASSURANCE OF THE REVERSE BIAS SAFE OPERATING 
AREA. 


(This paragraph is explained using the NTC1871A as an example) 
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Fig. 8 Reverse Bias Safe Operating Area of NTC1871A. 


The reverse bias safe operating area shown in Fig. 8 is composed by VCEQ(SUS) and VCEX(SUS). 
The definitions and assurance methods of VCEQ(SUS) and VCExX(SUs) will be explained individually as 
follow: 


4-1 VCEO(SUS) 
This is defined as the maximum value of the collector to emitter breakdown voltage when the emitter-base 


junction is in turn-off at no bias with inductive load. Assurance of VCEQ(SUS) is given by noting that this value 
exceeds the VCEQ(SUS) rating. 

The measurement circuit for VCEQ(SUS) and the waveforms of various parts of the circuit are shown in 
Figs. 9 and 10. 
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Pulse Width is adjusted so Q1: NTAQS59 Leoil = 50uH 
that the specified collector Dy: F114F Reoit = 0.052 
current Icp is obtained. Ic = 10A, Ig = 2A 


Fig. 9 Measurement Circuit for VCEO(SUS)- 
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VCEO(SUS) 


(1) Overall Diagram (2) VcE and Ic waveforms at turn-off. 


Ic: 2A/div Vce: 100V/div 
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Fig. 10 Waveforms of various parts of the Circuit. 


4-2 VCEX(SUS) 

This is defined as the applying between the collector and emitter of the energy stored in the inductance of 
the load, which is clamped at the VCEx(SUS) rating, while the emitter-base junction is in turn-off by the 
application of forced reverse bias. Assurance of VCEX(SUS) is given by the non-occurrence of destruction or 
degradation of characteristics during the above. 

The measurement circuit for VCEXx(SUS) and the waveforms of various parts of the circuit are shown in 
Figs. 11 and 12. , 
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Fig. 11 Measurement Circuit for VCEX(SUS)- 
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(1) Overall Diagram 
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(2) VcE and Ic waveforms at turn-off. 


I¢: 2A/div VcE: 100V/div 
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Fig. 12 Waveforms of various parts of the Circuit. 


The above method assurance has the two following features. 
1) Assurance is performed at the high temperature of tg = 125°C. 
2) Since the collector to emitter voltage is clamed at the VCE x(SUS) value, breakdown will not occur providing 


an assurance of high reliability. 


5. CONCLUSION 


The concept and method of assurance of the safe operating areas of transistors under switching operations 
have been described above. And, it has been shown that the reverse bias safe operating area is indispensable, when 
employing transistors lacking assurance of this item for switching. 





NW EC APPLICATION NOTE 





CALCULATION METHOD FOR THE JUNCTION TEMPERATURE 
OF TRANSISTORS DURING PULSE POWER DISSIPATION 





1. INTRODUCTION 
Junction temperature is one of the important items for ascertaining the operating condition of transistors. 
Generally, the junction temperature is calculated from the following equation. 


Tj = Pp-Rth (j-c) + Tc 


where, Tj : Junction temperature 
Tc : Case temperature 
PD : Power dissipation 
Rth (j-c) : 0.C. thermal resistance from junction to case. 


However, when the power dissipation is in the form of pulses, accurate junction temperature cannot be 
determined unless transient thermal resistance is employed in the calculations. Here, a method for calculating the 
junction temperature during pulse power dissipation shall be described employing the high speed, high voltage 
switching transistor, NTC1871A, as an example, and including applications of the same to switching regulators. 


2. TRANSIENT THERMAL RESISTANCE 

Transient thermal resistance is defined as the reciprocal of the heat conductivity during the pulse power 
dissipation. The heat generated in the junction of the transistor by power dissipation is conducted away through 
the following path, and the resistance to this conduction is expressed as the thermal resistance. Junction > 
Pellet(silicon) > Mounting material > case > heatsink > Environment. 
Generally, the time required for the heat between the 
junction and case, and the case and enviroment, to reach 
Mounting material 4 steady state (thermal equilibrium) is 1 to 10 seconds 
for the former, and several minutes for the latter. There- 
fore, for power dissipation of short pulses, the tempera- 
ture rise is limited to the proximity of the junction. And, 
for pulses of 100ms or less width, the temperature rise 
becomes almost irrelevant of the state of heat radiation of 
the transistor. 


Tj Junction 
ups sae Pellet 


(EE, 










SRB ARERRRRREN 


Leet 7A 


Ta Environment 


Tc transistor case 


Fig. 1 Structure of a Transistor. 


Note) When the pulse width of the power dissipation exceeds 100ms, the junction temperature cannot be calculated unless the 


transient thermal resistance of the whole system, including the heat sink, is known, 
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The Transient Thermal Resistance versus Pulse Width characteristics of the NTC1871A are shown in Fig. 2 
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Fig. 2 Transient Thermal Resistance versus Pluse Width of the NTC1871A. 


Generally, when the pulse width is short the transient thermal resistance is approximate to the following 
expression. 


rth (j-c) & VT where, rth (j-c) : Transient thermal resistance from junction to 
case. 
T : Width of pulse. 


In the case of the NTC1871A, the transient thermal resistance corresponds to the above expression when the 
pulse width is less than 10ms. 


3. APPLICATION RANGE OF TRANSIENT THERMAL RESISTANCE; 

When determining the junction temperature rise caused by pulse power dissipation by employing transient 
thermal resistance, attention should be paid to the fact that the range over which transient thermal resistance may 
be applied is limited to cases where no local temperature rise (hot spot) has been created through concentration 
of current in the junction. 

In other words, it is necessary that the pulse power dissipation is within the safe operating area and, at the 
same time, that no current concentration is created. 

An example of a forward bias safe operating area is shown in Fig. 3. In this figure, ‘Dissipation Limited” 
indicates the region limited by transient thermal resistance, and ‘“’S/b Limited’’ indicates the region limited due to 
hot spots being formed through the concentration of current. 

The dependency of ATj {increment rise of junction temperature) on the Vcp bias is shown in Fig. 4, and 
region A corresponds to the ‘'Dissipation Limited’’ mentioned before, and region B corresponds to ‘’S/b Lim- 
ited’’. Attention should be paid here to the fact that, even in the region B, when the collector current is derated 
enough, Ic x Vcp & ATj and the transient thermal resistance may be applied. In this case a derating of more than 
40% of the Ic value is recommended. 

If the assured range is not exceeded, the application of transient thermal resistance to reverse bias safe operat- 


ing areas presents no problem. Refer to Semiconductor Technical Data ‘‘The Safe Operating Area of Transistors 
under Switching Operations’. 
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VceE— VGB => 


Fig. 3 Forward Bias Safe Operating Area. Fig. 4 The dependency of ATj on the Vcp bias. 


4. CALCULATION METHOD OF THE JUNCTION TEMPERATURE DURING PULSE POWER 
DISSIPATION 


Basically, the junction temperature rise is calculated by approximating the power dissipation waveforms to 
square waves and employing the principle of superposition and the following equation. 


AT; = Tth(j-c) (7) x Pp 


Where, ATj : Temperature rise of junction from case temperature. 
rth(j-c) (7): Transient thermal resistance from junction to case, when pulse width 
is T. 
PD : Power dissipation. 


4-1 Power Dissipation of irregularly repeating Square Waves. 

The method of determining the junction temperature rise resulting from the power dissipation of irregular 
square waves is shown in Fig. 5. 

It is assumed that an infinitely continuing step shaped power dissipation P1 is applied from t = to, and after 
which an infinitely continuing negative step shaped power dissipation —P1 is applied from t = tz. The same 
assumptions are applied to P2, P3, and Pq, and then calculations are performed according to the pringiple of 
superposition. 

Results of the calculations become as follows: 


ATj1 = P1 X rth(j-c) (t1 — to) 
ATj2 = Pq x [rth(j-c) (t3 — to) — rth(j-c) (tg —t1)] + P2 x rth(j-c) (t3 — t2) 
ATj3 = Pq x Erth(j-c) (t5 — to) — rth(j-c) (ts — t1)] + P2 x [rth(j-c) (ts — t2) — rthij-c) (t5 — t3)] 
+ P3 x rth(j-c) (t5 — ta) 
ATj4 = Pq x [rth(j-c) (t7 — to) — rth(j-c) (t7 — t1)] + Pa x [rth(j-c) (t7 — t2) — rthij-c) (t7 — t3)] 
+P3 x [rth(j-c) (t7 — ta) — rth(j-c) (t7 — t5)) + P4 x rthli-c) (t7 — te) 
When expressed by a general equation the above. become: 


ATjn = z Pittthéj-c} Can-1:— tai) —tthtj-c) (tan-t — tai) 2. eee eee oe ewes: (1) 
In the above: Py,P2,P3...... Pn : Power dissipation. 
ATj1, ATj2 .... ATjn: Temperature rise of the junction from the case temperature at the 
end of Pj,P2,P3 ....... Ph. 
TO. i Ide ees th : Time at the start and end of power dissipation. 
rth(j-c) (tx — ty) : Transient thermal resistance from junction to case, when pulse width 
is (tx — ty) 
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PD P3 


Po 


(a) 
Power dissipation 


(b) 
Dissolution according to the 
principle of superposition. 


(c) 
Transformation to junction 
temperature rise. 


(d) 
Temperature rise of junction. 





Fig. 5 Method of determining the Junction Temperature Rise from irregularly repeating Square Wave Power 
Dissipation. 
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4-2 Power Dissipation of regularly repeating Square Waves. 

The method for determining the junction temperature rise resulting from regularly repeating square waves is 
shown in Fig. 6. 

For power dissipation waveforms of this type. The 2 to 3 waves portions protruding from the average value of 
the total period are taken together for the calculation. This calculation method will be the most easy, accurate, 
and effective one. 

In actual calculation, from the approximation of power dissipation waveforms (b), the increment of the 
junction temperature rise is determined by applying=-*Po for an infinite period, and further applying (1 -+) Po 
for (r + T) period, —Po for T period, and Pg for 7 period. The result of the calculation is: 


(a) iy 


Power dissipation Po 


(b) 
Approximation of power 
dissipation 


(c) 
Application of the principle 
of superposition. 





(d) 
Transformation to junction 
temperature rise. 


(e) 


Temperature rise of junction : 
AT j (peak) 


se see Oe 


"vs 2 O00 tt 


Fig.6 Method for determining the Junction Temperature Rise for regularly repeating Square Wave Power 
Dissipation. 
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ATj(peak) =F" Po" Rth(j-c) + (1 —P)*Porrth(j-c) (T +7) = Por rth(-c) (T) + Porrth(j-c) (7) 


= Pott Rth(j-c) + (1 —+)*rth(j-c) (T +7) —rth(j-c) (T) + rth(j-c) (] ...-. (2) 

Where, ATj(peak) : Maximum value of junction temperature rise from case temperature. 
Po : Power dissipation. 
T : Pulse width of power dissipation. 
T : Period 
Rth(j-c) : D.C. thermal resistance from junction to case. 
rth(j-c) (tx) : Transient thermal resistance from junction to case for pulse width 

of tx. 


4-3 The Approximation to Square Waves of Non-Square Wave Power Dissipation. 

Since the actual power dissipation waveforms are of complex form, the junction temperature is determined by 
the methods described in 4-1 and 4-2, after the waveforms have been approximated to square waves. 

When the waveform is close to that of a square wave, as shown in (a) of Fig. 7, the peak values are made the 
same and the pulse width taken so that the areas are equal. 

In the case of sinusoidal waves and triangle waves shown in (b), the peak value is made 0.7 x Pp and the pulse 
widths are taken as 0.91t and 0.71t respectively. 

In the case of complex waveforms as shown in (c), the waveform is divided into several square waves totalling 
to the same area as the original waveform. 

Care should be taken when approximating waveforms as described above, since, according to the method of 
approximation employed, great difference may result in the calculation of the same power dissipation. 

Examples of power dissipation applied to a NTC1871A are shown in Fig. 8. For the same triangle wave power 
dissipation, there is a 25°C difference in the results calculated from approximation method (a) and (b). 
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AT j7=65.0°C 
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Fig. 8 Temperature Rise of Junction by Triangle Wave Power 
Ws Dissipation. 
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Fig. 7 Approximation to Square waves of Power 
Dissipation. 
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This is because, for the same amount of energy, the junction temperature rise is more severe when the peak 
value is high and the pulse width short, than when the peak value is low and the pulse width long. 
(This can also be explained from the fact that the transient thermal resistance is proportional to the 1/2 power 
of the pulse width, as described in 2...... rth(j-c) © VT oe eee: ) 

When (a) and (b) are compared, subdividing the waveform as shown in (b) gives a result approaching nearer to 
the actual temperature rise, and can be said to be a method preferable for economical design. Furthermore, it 
should be noted that the approximation of (b) of Fig. 6gives a result of ATj = 95°C, which is approximately the 
same value as that given by (b) of Fig. 7. 


5. APPLICATION TO ACTUAL USE. 


Here, application to a switching regulator shall be described, using the NTC1871A as an example. 


5-1 Junction temperature in a steady state. 
Generally, in the switching mode power dissipation is composed of 3 portions, Namely: 
P1: Power dissipation at the moment of turn on. 
P2: Power dissipation during the on state. (Power dissipation due to saturation voltage.) . 
P3: Power dissipation at the moment of turn off. 
When the junction temperature rise is determined, employing the method described in 4-2, the result of 
calculation will be as follows: 


ATj(peak)=P4* Rth(j-c) + (P5 — Pa) *rthij-c) (T — 7) — Perrthij-c) (T) + Pt*rth(j-c) (7) 


— (Py —P2)*rth(j-c) (t2 +3) + P3erth(j-c) (tg) CC)... 2.2 eee (3) 
Where, ATj(peak) : Maximum value of junction temperature rise from case temperature. 
P1—P3 : See above. 
P4 : Average power dissipation over total period. 
P5 : Average power dissipation during period of 7. 
T=t1 +t2+t3 : Pulse width of power dissipation. 
T : Period 
t4 : Pulse width of turn on. 
t2 : Pulse width of ON period. 
t3 : Pulse width of turn off. 
Rth(j-c) : Thermal resistance from junction to case. 
rth(j-c) (tx) : Transient thermal resistance from junction to case, when pulse width 
is tx. 
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= eT 
(b) P5= +f oPpdt 
Approximation of power 
dissipation 
T = ttg-oltg 
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Fig.9 Power Dissipation Waveforms in the Switching Mode, and Method of determining the Junction 
Temperature in the Steady State. 
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Fig. 10 Collector Current and Collector to Emitter Voltage Waveforms and Power Dissipation Approximation in 


Switching Regulators. 


Typical waveforms of a switching regulator (Vj : 140Vpc, Output : 300W, f = 20kHz) are shown in Fig. 10. 
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Now, the junction temperature is calculated by applying equation (3). 


P1=70W, ty =0.18ps, (Pr = 100W, t, = 0.2ps) 
P>=2.0W, to = 19.5ps, (VcE(sat) = 0.5V, IC(ay) = 4.0) 
P3=560W, t3=0.36ys, (P¢ = 800W, te = 0.5ps) 


Pa=tig Ppdt = 5.06W 
P5 == 9 Podt = 12.7W 


T = 50ys 
= 20ys 
The transient thermal resistance is read from Fig. 1. 
ATj(peak) = 5.06 x 1.25 + (12.7 — 5.06) x 0.055 — 12.7 x 0.046 + 70 x 0.03 — (70 — 2.0) 
x 0.03 + 560 x 0.004 
= 6.33 + 0.42 — 0.58 + 2.1 — 2.04 + 2.24 
= 8.47 (°C) 
Therefore, in the example of Fig. 10 the temperature rise of the junction from the case temperature will 
become 8.5°C. 
In addition to the collector power dissipation described above, the power dissipation of transistors includes 
that of the base. However, since in a power unit as shown in the example this power dissipation is usually less 
than 0.5W, this has been neglected. 


5-2 The junction temperature during transitory overloads. 

In switching regulators, due to the response time of the control circuit, etc., a transitory overload of less than 
several milliseconds may be applied to the main switching transistor when power is thrown in or the load is short 
circuited. 

Fig. 11 shows an example of such transitory overload, and the method described in 4-1 is employed to 
calculate the junction temperature rise. The result of calculation shows that the maximum value of the 
temperature rise of the junction is approximately 52°C from the case. 

Caution should be observed, since if the load impedance of the transistor is markedly small compared to the 
steady state, or the pulse width is in an uncontrolled state, only the hFE of the transistor is limiting the inrushing 
current. 

Furthermore, since the transistor is operating in an unsaturated state, in this example the effect on the 
temperature rise of the junction from the power dissipation of pulse widths t¢ and tr is small, and is neglected. 


ec 





(a) . 
300 Po 

Vce(v) p 
200 Power dissipation. 


100 


oO 

a“ 
oO 
- 


t(us) 


+ 
Oo 
+ 
= 
+ 


100 200 300 400 500 


Po 
P 
Dissolution employing 
the principle of 
superposition. 
he t(us) 0 
(c) P 
800 
Pp(W) 
600 
AT; 
400 Transformation to 
200 temperature rise 
of junction. 
¢) t(us) 


(b} 


15 
Ic(A} 
10 


5 


0 


30 


60 
50 
(d) ATj 
40 
ATC) \a Temperature rise 
an of junction. 


20 


Al 


a t(us) 


300 400 500 


[ fl IF 


Fig. 12 Temperature rise of Junction from 
Mono-pulse Power Dissipation. 
Fig. 11 Example of the application of a Transitory Overload. 


Now, when the overloaded state in the example of Fig. 11 continues for more than 1ms, the application of 
equation (1) becomes difficult. 
That is, though the ATj of mono-pulse power dissipation is given by equation (1) as: 
AT} = Prlrthgj-c) (t) — rthg-c) (t— ta) (tr <t) 
when, for example, tj = 25us and t = 1ms it becomes practically impossible to read the difference between 
rth(j-c) (1ms) and "th(j-c) (1ms — 25ys). See Fig. 12. 
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This is an important point, since the power dissipation of complex pulses are all determined from the com- 
bination of one-shot pulses (the principle of superposition). 

In the above case, approximation is performed by using equation (2) of 4-1. 

ATj(peak) = Poke Rth(j-c) +14 —=)*rth(j-c) (T +7) —rth(j-c) (T) + rth(j-c) (7)... (2) 

The maximum value of the junction temperature rise is calculated from the above equation by employing 
in place of the Ist term R¢h(j-c), that is the D.C. thermal resistance from junction to case, the transient thermal 
resistance of the period over which the transient state continues, and for Pg the peak value in order to ensure 
safe design. 

When the effect caused by the power dissipation of pulse widths tp and tf cannot be disregarded, equation 
(3) is employed. 


6. PRECAUTIONS TO BE OBSERVED FOR SAFE DESIGN. 


With the preceding paragraph, explanation of methods for calculating junction temperature has been finished. 
However, the junction temperature determined is one of the most important factors concerning the reliability 
of transistors, therefore in order to ensure safe design the following derating is recommended. 

Tj = (Tmax —25) x 0.8425 (°C) ....... 0... [20% derating] 
where, Tj : Junction temperature. 
Tjmax: Maximum junction temperature at Absolute Maximum Rating. 


7. CONCLUSION 

In the above, methods of calculating the junction temperature rise of transistors resulting from pulse power 
dissipation and precautions to be observed for safe operation have been explained. These calculation methods 
may be applied to other semiconductor products such as thyristors and diodes, and the reader is persuaded to 
make application in these fields. 
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NEC APPLICATION NOTE 





DESIGN OF PUSH-PULL TYPE SWITCHING 
REGULATORS (BASIC) 





1. Introduction 

Regulator IC’s such as the uPC305C have allowed simplification of circuitry and improvement in performance 
of series regulators. Little progress has been made in reducing the size and weight of these systerns, however, 
due to large and heavy power transformers, smoothing capacitors and heat sinks. 

In recent years highly efficient pulse width controlled power supplies (switching regulators), which are 
smaller and lighter, have been developed and are being used commercially, mainly for computers and terminal 
equipments, These switching regulators are gradually dominating applications in power supply systems. 

Here we present a brief description of switching regulator designs from the standpoint of high voltage, high 
speed switching power transistors NTC1863-NTC1871A. 


2. Principle of Switching Regulators. 
2-1 Explanation of Switching Regulators. 
A choke input type smoothing circuit is shown in Fig. 1. 


Fig. 1 (a) Choke Input Type Fig. 1 (b) Operating Waveforms 
Smoothing Circuit of Choke Input Type 
th Smoothing Circuit 
aaa 
Wave Form 
of A Vin 
0 


| VF | 
Ve: Forward Voitage 


T 





Vo 





Vrip: Ripple Voltage 
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In Fig. 1 (a), when switch SW is switched on-off with a period of T and an on-time of ton, the output 
voltage Vo will be approximately equal to the product of the duty cycle D = ton/T of the on-time and the 
input voltage Vin. 


That is: 
TON ; 
Vo a ae Vite ested oa eae hee (1) Provided that: T< 22 VLC 
eZ 
RL Rtn 


(conditions for current flowing through choke 
coil to be continuous) 

From the above it can be seen that in order to obtain a constant output voltage Vo, regardless of the 
variations of the unregulated input voltage Vin, it is necessary that the duty cycle be changed according to 
variations of the input voltage. 

Now, if the goal is to stabilize the output by reducing the pulse width toy to ton — 4ton, when the input 
voltage Vin increase to Vjn +4Vjn, then, 


AVin . 
Vin +4Vin 





AV: 
— Ston = - ton = - a TERE de le ek ht tale as (2) Provided that: 4Vin < Vin 


Therefore, it can be seen that it is sufficient if the pulse width is varied an amount approximately proportional to 
the variation of the input voltage 4V jn. 


2-2 Operating Principle of Switching Regulators. 
A simple switching regulator circuit is shown in Fig. 2. 


Fig. 2 Single-Ended Operation Type Regulator Circuit 


AC 
100V Input 








RQ 


Generally, since power supply units are generally used in a floating operation, the input and output are 
isolated by a high frequency transformer T 4. 

Due to the switching of transistor Q1, the primary winding of T4 is excited and, since the secondary winding 
has the same number of turns as the primary winding, a voltage Vs = Vin is generated in the secondary winding. 
The output circuit is the same type of choke input smoothing circuit as shown in Fig. 1, therefore, the output 
voltage Vo is given by the equation (1). In order to stabilize the output voltage, the variation of output voltage is 
sensed and fed back to control the driving pulse width. Ay is a comparator having the output voltage consisting 
of a sawtooth wave superposed upon the reference voltage applied to the non-inverting input terminal VN. 
Therefore, since the slice level of the sawtooth wave at the output of the comparator will change according to 
the slightest variation of the output voltage Vo, the output of Ay will become a pulse width modulated signal 
having the same period as that of the sawtooth wave. When Vo increases this signal acts to decrease the width of 
the pulse, and enters the driver through photo-coupler P to drive transistor Q1. As described above, the on-time 


of the transistor is controlled according to the variations of the output voltage, and a stable output is always 
obtained. 


3. Kinds of Switching Regulator Circuits and Optimum Switching Power Transistors. 
NEC’‘s optimum switching power transistors for switching regulators are shown in Table 1. 


Table 1. Product Series of High Speed Switching Power Transistor 











Type No. 





Outline 


TO-66 TO-3 TO-3 
7A 7A 10A 
40w 80W 100W 






NTC1863 NTC1866 NTC1869 


250V NTC1864 NTC1867 NTC1870 


The above table shows a series of high voltage, high speed switching power transistors newly developed for 
use in switching regulators, in which, compared to usual power transistors, an extremely high switching speed of 
ton, tf < lus and tstg < 2us has been realized. 

Various circuits of switching regulators, and the optimum switching power transistors are shown in Table 2. 

In addition to the single-ended operation type described previously, there are various switching regulator 
circuits of such as the push-pull type, bridge type, etc. And, since the voltage range and current capacity required 
to the switching element will vary according to the input voltage and output capacity of the regulator, it is 
necessary to select the optimum transistor from Table 1. Among the various circuits, the push-pull type switching 
regulator as compared with the single-ended operation type has a high utilization factor of the high frequency 
transformer and secondary side smoothing circuit; and compared with the bridge type requires only half the 
number of switching elements, thus simplifying the driver circuit. For these reasons, the push-pull type is most 
frequently used as a switching regulator. 


an 


Table 2. Circuits of Switching Regulators and Optimum Switching Power Transistors 


Optimum Power Transistor 
Circuits Input Voltage 


AC 100V DC 12V 
orDC130v | AC 220V or 24V 
VceEo =900V | NTC1863 
NEC TES class Po. Tr. or NTC1866 NTC1864 100 
NTC1868 ew NTC1869 NTC1867 200 
NTC1871A “ = NTC1870 ~500 
NTC1863 


NTC1865 or NTC1866 NTC1863 | 150 


NTC1869 













Output 
Capacity 
(W) 









push-pull 
























full bridge NTC1864 























NTC1866 250 












NTC 1869 


- NTC1863 
or NTC1866 


NTC1867 NTC1868 = NTC1869 


Vceo =900V | NTC1863 
NTC1865 or NTC1866 NTC1864 50 











75 



































single-ended (ON-ON) 


ee 


single-ended (ON-OFF) 


we 


single-ended push-pull 


aE 


chopper type 


Types of Inverter 


NTC1868 NTC1867 


NTC1869 or NTC1870 100 
NTC1863 
NTC1865 ae or NTC1866 NTC1864 50 
NTC1867 
NTC1868 ae NTC1869 or NTC1870 100 
cs ee 
NTC1863 NTC1863 
pale TE TOS or NTC1866_ | or NTC1866 | ie 
NTC1867 NTC1868 NTC1869 NTC1869 150 
NTC1870 NTC1871A — 
(NTC 1864) (NTC 1865) NTC1863 
(NTC1867) (NTC1868) NTC1866 NTC1866 75 
(NTC1870) (NTC1871A)| NTC1869 NTC1869 150 
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4. Design of Push-Pull Type Switching Regulators. 

We will now describe a typical method of designing push-pull type switching regulators. 
4-1 Composition. 

The block diagram of push-pull type switching regulator is shown in Fig. 3, and the timing chart of the 
circuit is shown if Fig. 4. The circuit of Fig. 3 differs from the single-ended switching regulator in the point that 
a separately excited high frequency push-pull inverter is used for voltage conversion. Since in the circuit of Fig. 2 
the output voltage is directly compared with the sawtooth wave, the loop gain should be low and allowing large 
variations of the output, so an error amplifier of about 50dB gain is necessary as shown in Fig. 3. In addition, 
in order to provide the output signal into 2 phases is required in an after the isolator; and also an over-current 
flowing in the switching elements during overloads. Also, auxiliary power source is required to supply power to 
these control circuits. This power source consists of a line operated DC—DC converter, in order to permit AC/DC 
Operation and reduction of size. 


Fig. 3 Block Diagram of Push-pull Type Switching Regulator. 
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Fig. 4 Timing Chart of Push-Pull Type Switching Regulator Circuit 
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4-2 Design Method of the Various Blocks. 
{1) Primary Rectifying and Smoothing Circuit. 

A line operated full-wave rectifying and smoothing circuit is composed of a bridge rectifier and a 
smoothing capacitor, and the rush current flowing into the rectifier and capacitor when power is turned on 
is limited by a low resistor in series with the AC line. Also, in the case of large capacity power supplied, 
slow starting circuits using SCRs or relays may be employed. 

The capacity of the smoothing circuit is determined by the input capacity of the power unit and the 
required ripple level, and for this purpose there is an extremely convenient curve (chart) by O. H.Schade, 
as shown in Fig. 5. 


Fig. 5 0. H. Schade’s Curve (for determining Circuits Constants 
of Full-Wave Rectifying Circuits.) 
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(2) Design of Transformers. 


In order to reduce size and avoide audible noise, high frequency is used in switching regulators. However, 
considering the high frequency characteristics of diodes, transistors, Capacitors, etc. a frequency of about 
20kHz is generally used in push-pull type regulators. 

i) Material and Shape of Cores. 

From the point of saturation (magnetic) flux density, permeability, and iron loss Tohoku Kinzoku’s 
3100B or TDK’'s Hs, is used as the core materials of transformers and choke coils. 

El shaped cores are easy to handle. The volume of the core is determined from such factors as follows: 

the input voltage, the number of turns of the primary winding which is determined from the frequency 

used, the cross section area of the primary winding which is determined from the output capacity, the 
primary winding inductance, and the superposed DC current. 

When a square wave voltage of frequency f (Hz) and peak value Vin (V) is applied to a transformer 
which has No turns as the primary winding around a core of Ae (m?) cross section, the relationship 
between the flux density B (wb/m2) created in the core and Vin can be shown: _ the following 
expression. 


Vin=4°B-Ae-f >No (V) jae Gay ne sa cay cat ERS Bete oy eh a aa Moe 2 belt Gost eee (3) 


Fig. 6 Shape of Core 


Aw (window area) 





On the other hand, if in Fig. 6 & (A/m?) is the allowable current density of the winding, and w.f. 
(window factor) the proportion (space factor) of the total cross sectional area of the primary and 
secondary windings (A/m*) to the total window area Aw(m?) of the core, then, 


Ac = (w.f.) «Aw = 32" 1P bate eat ies woe eae, 22S. ueee (4) 


Therefore, from equations (3) and (4) the maximum input P(VA) which can be applied to the trans- 


former is: 
P= Vin-lp = 2B.f.Ae(w.f.). Aw. 5 (VA) 200. eee (5) 


Now, when in equation (5) the following values are substitued for the items below, equation (6) is 
obtained. 
B = 1500 (Gauss) = 1.5 x 10! (wb/m?) 
(Generally, taking in consideration the balance of the decrease of saturation (magnetic) 
flux density with rise in temperature and iron loss, a magnetic flux density of 1500 Gauss 
is used.) 
5 = 2(A/mm?) = 2 x 10° (A/m?) 
(From the temperature rise caused by the specific resistance of the copper wire, generally, 
2A/mm? is used as the allowable current density of the copper wire employed in trans- 
former windings.) 
w.f. = 0.7 
(From the thickness of the insulating material of the windings and the space taken up by 
the shield, 0.7 is generally used for the w.f.) 
f = 20 (kHz) 
then, 
PH 8:4 se Apschuy% 10° WAY ars 2 ete cs baad ee gee ews (6) 
When the maximum input capacity P(VA) of Tohoku Kinzoku’s El shaped cores are determined 
using equation (6) the results are as shown in Table 3. Actually, when employing these cores in switching 
regulators, due to the necessity of taking into consideration a margin of the (magnetic) flux density to 


fet ay 





cope with variations of the input and also the DC superposed characteristics, it is common for the design 
to have a considerable allowance in regards to the P(VA) values of Table 3. 


Table 3. Kinds & Maximum Input Capacity of El Cores. 


B = 1500 Gauss, f = 20kHz, 6 = 2A/mm?, w.f.=0.7 — * Core material: 3100B 
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25 
50 
100 — 150 


FEI 40 3.10 1.46 
FEI 50 4.78 








Undetermined 


ii) Windings. 


(a) Number of turns of primary winding: Np 


Np is determined, employing equation (3), so that the design (magnetic) flux density B shall be 
obtained at maximum input voltage Vin(max)- 


— _Vinimax.) . 
Eee ee ee (7) 


(b) Diameter Dp of primary winding wire. 


\f an average current through into the primary winding is I¢(ay). 


lclav) 
oe (Pp): 
2 


Be fe alii gh hesnsiettnad tate Bite rete dae aches (8) 


(c) Number of turns of secondary winding: Ng 


Ng is designed so that the specified output voltage will be obtained under the worst conditions 
(minimum input voltage, maximum load, and minimum ambient temperature). 


Fig. 7 Secondary Smoothing Circuit 


Np : primary input voltage (V) 

: secondary output voltage (V) 

: smoothed output voltage (V) 

: forward voltage (V) of diodes Dy and Og 
inductance (H) of choke coil 
internal resistance (Q) of choke coil 
capacity (F) of smoothing capacitor 
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output current 
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In the secondary smoothing circuit shown in Fig. 7, the relationship between the input and 
output voltages and number of turns of the primary and secondary windings of the transformer 
is shown by the following equation. 


N 





And, when an output voltage of period T(sec), maximum pulse width 7 (sec), and peak value 
Vs (V) is induced in the secondary side of the transformer, the output voltage Vo(V) obtained 
when a load current Ip(A) is taken out is shown by the following equation. 


Vo =Vs rae VE —lo ete (V) Go 6 dey RRA aR Ae? ehh Ge Pie te! Geta a eee ed (10) 


; 
2 

Therefore, from equations (9) and (10) the number of turns of the secondary winding can be 
determined from the following equation. 


pig eo Nola pi TY chil is tan scnatee's cud saienctee 
27: Vp 


(d 


— 


Cross section of secondary winding. 

When round copper wire is used for the secondary winding, the same as for the primary 
winding, the diameter D,(m) of the secondary winding can be determined from the following 
equation, similarly to equation (8). 


4 lo(max 
Ds = 5 ax.) (m) 
Provided that, I9(max): Maximum output current (A) 


However, in the case of low output voltage, large current capacity power such as are used in 
terminal equipment, foil may be used for the winding to reduce skin effect. in this case the cross 
sectional area S,(m?) of the winding is determined from the following equation. 


iii) Static shield. 


To prevent the influence of noise to be easily passed through the static coupling due to the stray 
capacity between the primary and secondary windings of the transformer, it is necessary to provide 
static shield by inserting metallic foil between the primary and secondary windings, or by other means. 


Fig. 8 Static Shield of Transformer 
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Shielding of the transformer is conducted as shown in Fig. 8, but care should be taken since when 
d1 of the shielding foil joint in Fig. (a) is too large the shielding effect will decrease and, when the joint 
overlaps, loss will increase. Also, unless the shield foil extends beyond the edges of the winding the 
static coupling at the edges of the windings cannot be decreased, therefore it is necessary to provide 
distance dg as shown in Fig. (b). 

(3) Secondary Rectifying and Smoothing Circuit. 
Fig. 9 shows the waveform during operation of the various point of the secondary smoothing circuit 
shown in Fig. 7 previously. 


Fig. 9 Waveforms of the various parts of 
Secondary Smoothing Circuit 
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Irip : ripple current (A) 
Vrip : output ripple voltage (V) 


During interval 7 (sec) of period T (sec) a voltage Vs (V) will be induced in the secondary of the trans- 
former, and during this interval the smoothing circuit will be supplied with power from the primary. During 
this interval a current having a gradient of (Vs — Vo) + t/L will flow in the rectifier elements Dy and D2 
connected to the terminals of the secondary, and this current will flow through the choke coil in a super- 
posed manner. On the other hand, during the quiescent time T/2 — tr (sec) the choke coil will function to 
continue the current, thus rectifier elements Dy and D2 will act as flywheel diodes. As a result, the current 
flowing in the choke coil taked the form, as shown in Fig. 9, of a ripple current Irjp (A) superposed on a 
current equal to the output current Ig (A). This ripple current flows into the smoothing capacitor connected 
in parallel with the output terminals. 

i) Selection of Rectifying Elements. 
Since the currents !—7 and IF2 flowing in the rectifying elements D1 and D2 take the form shown 


ii) 


iii) 


in Fig. 9, it is necessary to select elements for D1 and D2 having a current capacity appropriate for IF 4 
and IF. Also, since in normal state a maximum voltage of 2V., (V) is applied to these elements, it is 
necessary to select elements capable of withstanding this voltage. In addition, as the secondary rectifying 
circuit operates at a frequency of about 20kHz, the use of fast recovery diodes having a short recovery 
time is required. Specifically, in the case of power units of low voltage (~5V), large current output the 
use of Schottky barrier diodes, which have an extremely fast recovery time, is appropriate. 
Smoothing Capacitors. 

As described earlier, the secondary smoothing circuit is of the choke input type, and the smoothing 
factor (a = Vrip/Vs) of such a circuit is generally shown by the following equation. 


Vei 1 
Sa ee husk, 1 atch cua) grave Guana Fog na ar We earn mutans eae ae 4 
a Vi w LO Dubie Apacs ee weal ae (4 ) 
Ww = 2nf 


However, since electrolytic capacitors, which do not have very good frequency characteristics, 
are employed for smoothing, the impedance Zc of the capacitors cannot be expressed as Zo = 1/wC 
at a frequency around 20kHz. The smoothing factor is usuaily determined from the following 


expression. 





Zc: Impedance of capacitor at frequency used. 


Choke Coils. 

As described before, a ripple current Irjp inversely proportional to the inductance L of the choke 
coil will flow in the choke coil. But, when the load is light and the output current Io becomes less than 
2 Irip. the current flowing in the choke coil will become discontinuous and the filtering effect will be 
lost. This value is called the critical current |cHo (A}, and expressed as follows. 


Vs—V 
IcHo = So TON MAY ochre: sieced cle Artie ote Mokdeie ae ... (16) 


The critical current is related to the size of the dummy resistor used to prevent an abnormal rise of 
the output voltage, and is usually taken at 1/7 to 1/10 of the rated output current |o(max) (A). 
that is, 


oe. 
IcHo & le gel Naina (Al Cbd ak Rarhnaainree ee haaltan es (17) 


Therefore, from equations (1), (16) and (17) the inductance required by the choke coil will 
become: 
L= (3.5 ~ 5) + (Vs — Vo) ace) 
lomax. Vs 
El shaped Ferrite cores, similar to the for choke coils. But since direct current is superposed upon 
the choke coils, gapped cores are necessary to prevent (magnetic) flux saturation. 
The number of turns and core volume required for a choke coil having the inductance and rated 


output current Io(max) (A) shown in equations. 
The number of turns Nj are shown by the well known in equation (20). 


BSA CNSIOS HA) oon ce treet Ad cues 2s eet thd ie ea (19) 


aa 





AL: AL — value (nH/T?) of core at gap t. 


NV= a x 10° (MOEAS): poeSenes Neh ea cede eee ale og ess (20) 


Core volume is determined by selecting a core in which the product of the DC superposed current 
under actual load and the number of turns does not exceed the DC superposed characteristic NI 
(ampere-turns) of the core at the gap t (mm). 

That is, 


NI >Ny1xlomax. (Ampere Turns) 2.0.0... 0.00. cece eee eee (21) 


(4) Auxiliary Power Supply Circuits. 
As shown in Fig. 10, all of the DC—DC converters used as auxiliary power supplies operate on the 
principle of having a base feedback winding on the transformer to sustain self-excited oscillation. 


Fig. 10 Examples of DC—DC Converter Circuits for 
Auxiliary Power Supplies. 


Ty v4 
e 


a] ‘ 
talsBlectina:Ose (b) Royer Circuit 





(c) Jensen Circuit 
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Among the circuits shown, when the output is small the Blocking Oscillator type shown in Fig. 10 (a) 
is suitable from the standpoint of needing a few parts. Design of transformers for converters is conducted 
in the same way as described in Item (2). But particularly, since the transformers T7 of circuits (b) and (c) 
of Fig. 10 are used at saturated magnetic flux, TDK’s H5c2, which has a square hysteresis characteristic, 
is suitable as core material. Since converters are operated from the AC 100V — 117V line, transistors of 
the VCEO = 400V are required for use in converters. When it is necessary to stabilize the output of con- 
verters, as in control circuits which are operated from the output of the auxiliary power supply, monolithic 
voltage regulators of the uwPC143xxH or uPC78L are used.. 


(5) Base Driving Circuits. 

The base driving circuit of the main switching transistor is important from the standpoint of reducing 
the switching time and thus the switching loss of the transistor. Particularly, since the high voltage, high 
speed switching transistor which is the main switching element has a low hFE of about 10, the base current 
becomes considerably larger. Therefore, a pulse transformer is generally used to provide current ampli- 
fication. (Sometime it also performs the function of isolation.) 

A pulse transformer of 2 : 1 to 5 : 1 turns ratio is employed in the circuit of Fig. 11, and extraction of 
the carrier accumulated in the base of the final stage transistor is performed through diode Dy by the 
backswing voltage generated in the pulse transformer during OFF time. (Since in this method the backswing 
voltage becomes low when the width of the input becomes narrow, some ingenuity is required in arranging 
the circuit.) 


Fig. 11 Base Driving Circuit 


aE 


(6) Overcurrent Sensing Circuit. 

Current sensing methods for protecting the main switching transistor and primary and secondary recti- 
fying diodes from overcurrent are: the method of utilizing the voltage drop of a low resistance resistor 
placed in series in the GND line of secondary circuit; and the method of directly sensing the collector current 
of the transistor employing a current transformer. 

However, from the points of ease of control and low power loss in the sensing section the latter method 
is superior. A circuit using this method is shown in Fig. 12. The peak value of the collector current is 
detected by the diode D and capacitor C in the secondary of the current transformer (CT). 
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Fig. 12 Overcurrent Sensing Circuit 
Np CT Ns of D 

Ic =) L 

lc2 __) ok 


L: tnductance of primary winding wire. 
CT: TOK’s Hsca T shaped core used. 
Np= 3T, Ng = 150T 





i) Core Material and Shape. 
In order to improve detecting sensitivity and to reduce sagging of the output waveform as much as 
possible, TDK’s H5c2 toroidal cores which have high permeability and good coupling coefficients are 
used. 
ii) Windings. 
The number of turns of the primary and secondary also greatly effect the detection sensitivity, and 
a turn ratio of about 1 : 50 is usually employed. The sag D, shown in the output wave form of Fig. 13, 
is determined by the internal resistance r of.the winding and the terminal resistor Ri. The sag D is 
expressed by the following equation. 
reRL TF 


D= RL+r oe sesbigte Se ts toa eal erdan Sat eS LeSan- Vtarnby Gs pales ge irat Rare tap es Gale ae, epee Saud Oat er aeaw 





tT : Width of input pulse 
L: Primary inductance of CT 
Therefore, in order to reduce the sag, it is necessary to use a wire having larger diameter for the 
secondary winding to reduce the internal resistance. 


Fig. 13 Operating Waveforms of Current Transformer 
"1 Cr °2 
lin 
| RL Vo 
lin | nd 


5. Ending 

Design methods for switching regulators centering around the selection of the elements and design of the 
transformers have been briefly described above. Design of contro! circuits and actual examples of the design of 
switching regulators are described in the ‘‘Applications’ edition, to which we refer you. 
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NEC y APPLICATION NOTE 





DESIGN OF PUSH-PULL TYPE SWITCHING 
REGULATOR (APPLICATIONS) 





1. INTRODUCTION 

Switching regulators can be made smaller in dimension plus more efficient than conventional series 
regulators. Thus, they are dominating in design applications of power supply systems. 

In this material, we present the design of pulse width modulation type control circuits, giving an example of 
actual design for a push-pull switching regulator as the succeeding item to Technical Data Sheet ‘’Design Of 
Push-Pull Type Switching Regulator (Basics).’’ 


2. DESIGN OF CONTROL CIRCUIT 


Figure 1 represents the block diagram of the control circuit of a push-pull switching regulator. 


Figure 1. Block Diagram of Control Circuit 















Saw-tooth 
Wave Generator : 
Output Section 
Vcc2 
Vsense 


Comparator 
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Overcurrent Protection Circuit 


in this material, the switching regulator is composed of four circuits; a circuit which performs pulse width 
modulation in response to the fluctuation of input power or load for the stabilization of output power voltage, 
an isolator which transmits an isolated pulse width-modulated signal, a frequency divider circuit which operates 
two switching elements alternately and an additional circuit (overcurrent protection circuit). 

The saw-tooth wave generator output signal which is synchronized to the oscillator frequency is applied to 
the (+) input terminal of the comparator where it is compared with the amplified error signal from the power 
source and converted into a signal which is pulse width-modulated in response to the output voltage fluctuation 
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of the power source. Because this output signal is often at a low level according to the status of error amplifier, 
it is AND’ed with the oscillator output signal with the specified quiescent time and further applied to the 
isolator. 

In addition, the output signal of the overcurrent protection circuit is applied to the (—) input of comparator 
to prevent the collector current from increasing due to the short-circuiting of load, etc. The isolator uses the 
high speed photocoupler to transmit the signal which is pulse-modulated by approximately 40-kHz frequency. 
The light receiving side of the photocoupler divides the input signal into two, with a phase difference of 180°. 
by the two-phase clock circuit composed of a flip-flop and gates. 

As explained above, the control circuit requires a logic IC in addition to linear IC. To minimize varieties of 
power source voltages, in this circuit design, CMOS is employed as a logic IC because of wide input voltage 
range and also because it can be used on a common line with the linear IC. 


2-1 Oscillator 

The oscillator determines the oscillation frequency of a switching regulator, as well as the maximum duty 
required for the elimination of ON-ON operation of the switching devices. 

Figure 2 represents an astable multivibrator circuit composed of CMOS NAND gates and Figure 3, output 
waveform of the astable multivibrator. 


Figure 2. Block Diagram of Oscillator Figure 3. Waveform of Oscillator 
circuit Composed of NAND Gates 


rare ee ree eper 1 es ae 2 ae 
Voltage waveform at Point B | | | | | 


TT, ®C(RO+R1+R) /T2SC (Ro+ VR+ R) 


® Output 





Voltage waveform at Point C VTH 


C = 220pF- f # 40kHz 


Ro = 5kQ Output waveform 
Ry = 910k2 


VR= 30k2 F 
R =10k2 T1221us,T2%4us = Vy: Threshold voltage of 


CMOS gate 


Since the charging and discharging paths of timing capacitor C are changed by diodes D1 and D@ in response 
to the direction of the current, the resultant voltage at point C is a combination of two waveforms of different 
time constants as shown in Figure 3. 


2-2 Saw-tooth Wave Generator 

Since a saw-tooth wave generator has great influence over the linearity of input voltage and pulse width of 
the succeeding comparator circuit, the output waveform of the saw-tooth wave generator should be of excellent 
linearity, 

For such a circuit as explained above, a bootstrap circuit composed of discrete components is shown 
in Figure 4. 
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Figure 4. Saw-Tooth Wave Generator 
with Bootstrap Circuit 





Vcc 





C =560pF 


472 


Cy =1.5uF a i 15kQ VBeE1: Base to amnitter voltage of Tpansster Q4 
D,: 18953 Ro= 1002 VBE2: Base to emitter voltage of Transistor Q2 
Q1: 2SA603 R3= 472 Vc: Voltage across Capacitor C 
Q7,Q3: 2SC943 Ry = 2k2 Vc1 : Voltage across Capacitor Cy 

R = 56kQ 


In Figure 4, suppose that the voltage across capacitor C is O V at the time t (=0). In this case, since the 
capacitor C is connected to the power source through diode D and resistor Ri_, voltage Vc 1 across capacitor C 
is, in equilibrium, 

VETS VCC V EA) Sec tee Gag der be eee yee Uae See (1) 
where 

Vcc: Power source voltage of the circuit (V) 

VF: Forward voltage of diode Dy (V) 
Also, in this circuit, current | through feed back resistor R is 


— Veit Vout — VC 
R 





as 
Vout + Vc1 — IR *R-—Vc=0 (V) 
From 
Vout = VE1 — R3 + !1B2 — VBE2 (VY) 
Ve1=VctR2:!B1+ VBeE1 (V) 
Vout = Vc + VBE1 — VBeE2 + Ro °1B1—R3-ipasVc (Vv) ........ (3) 
as 
VBE1 5 VBE2 (V) 
Ro °1B1*%R3°-!p2<Vc (Vv) 
Therefore, from equation (1), (2) and (3) 


Thus, the current is constant regardless of output voltage VouT. And, therefore, the current through 
capacitor C is almost equal to Ip, if the base current of transistor Q1 is disregarded. 


1 1 Vv Vv 
Ve=¢SIR "dt=—— IR st a Wec— VF) Sedge areas Bat Gobna ds deaees tae (5) 
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Thus, output voltage VOUT has the value in proportion to time t. On the other hand, charging voltage V¢ 
of capacitor C is discharged through the resistor RO when the transistor Q3 turns on by the short pulse signal 
syncronized to the aforementioned oscillator signal. 

Thus, saw-tooth waveforms can be obtained. 


2-3 Pulse Width Modulator 

The pulse width modulator requires a high speed comparator to perform the pulse width modulation with 
approximately 40-kHz. frequency. 

In addition, to avoid the occurrence of erroneous operation caused by noise in input signal, a Schmitt trigger 
circuit having hysteresis to the input circuit is employed. 


2-4 \solator 

As an isolator to transmit a pulse width-modulated signal to isolating the input circuit from the signal 
transmission path, a pulse transformer can be used in addition to its proper application to the base driving 
circuit. But the photocoupler is preferable to pulse transformer in insulation resistance and CMR. For actual 
application, however, a high speed photocoupler is necessary because conventional photocouplers are not 
satisfactory due to the insufficient response speed. Figure 5 represents the isolator circuit with high speed 
photocoupler. 


Figure 5. Isolator Circuit using High Speed Photocoupler 


oVcc 





© Vout {ge : Input current at the light emitting side 
(forward current of light emitting diode D ) 


11: Collector current of transistor Q1 of light 
receiving side. (I¢7 = CTR x Ile, CTR: Current 
transfer ratio) 


Ig = 20mA, R = 5102 (CTR = 15%) 


At the light receiving side of photocoupler, a low-resistance resistor is required at the collector of transistor 
Qj; for its operation in the active region to avoid the degradation in response speed which is dependent on the 
storage time of transistor Q7. In addition, due to the presence of coupling capacitance between input and output 
circuits erroneous operation may be caused by the outside noise. And such countermeasure as inserting a 
capacitor of small capacitance between the base and emitter of transistor Q7; is required to eliminate them. 


2-5 Two-Phase Clock Circuit 

The two-phase clock circuit divides the signal which is pulse width-modulated by approximately 40 kHz 
frequency into two with difference in phase of 180° in order to make main switching devices operate alternately. 
Figure 6 represents the block diagram of two-phase clock circuit. In Figure 6, gates 1 and 2 are delay circuits to 
prevent the output signal from generating spikes by propagation delay time tpd of flip-flop circuit. The 
delay time of approximately 75 ns can be obtained when the power source voltage Vpp is 10V. 
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Figure 6. Two-Phase Clock Circuit 





The clock terminal of J-K flip-flop is used to make the circuit as T flip-flop. Figure 7 represents the operating 


waveform of this circuit. 


Figure 7. Operating Waveform of Two-Phase Clock Circuit 


tod1 





Vout1 i a | | 
Vout2 I ib | 


tod1: Propagation delay time of flip-flop 
tpd2: Propagation delay time by two NAND gates 





3. EXAMPLE OF 5V, 20A OUTPUT SWITCHING REGULATOR 


3-1 Specifications of Power Supply and Test result 
Table 1 shows specifications of trial-manufactured power supply with the test results in the right column. 


Table 1. Specifications of Switching Regulator and Test Results of Trial-manufactured Unit 


Characteristic Symbol Specifications Test Results 
Input Voltage 100V +10% (AC 50Hz) 100V +10% 
Output Voltage 5V + 10% 5V +10% 








Output Current 20A 20A 





Ripple Voltage Within 20mV 14mV 





Line Regulation < +0.25% +0.22% 





Load Regulation <+1% +0.9% 





Efficiency > 70% 76% 
Dimensions 2 130(H) x 125(W) x 197(D)mm? 
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Oscillator Error Amplifier Circuit 


Saw-tooth Wave Generator uPD4011C 


(Note) Diode out of specification: 1$953 
NPN Transistor out of specification: 2SC943 
PNP Transistor out of specification: 2SA603 


Overcurrent Protection Circuit 
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In this case, an average current of approximately 1.4 A runs every half cycle in the rectifier. 
However, the conducting angle becomes narrower and surge current becomes larger, as the smoothing 
Capacitance increases to decrease ripple components of input voltage. In addition, since a maximum of 
2/2 times AC input voltage Vjn is applied to the bridge rectifier, it should have reverse breakdown 
voltage of approximately 400V when AC input is 100V. 

To comply with this requirement, NEC’s 1S2764 is employed in this circuit, (VRRM = 400V, 
Ve = 1.0V at IF = 3.0A) 

Resistance Rs for preventing the rush current differs with the rectifier and capacitance of smoothing 
capacitor and shown in the characteristic curve of the rectifier. It is approximately 1.4Q for 1S2764 at 
C = 500yuF . 

ii) Smoothing Capacitor 

Capacitance C of the smoothing capacitor is dependent on the load and the ripple reducing rate. 

it can be simply obtained from the chart prepared by 0. H. Schade. (Figure 9) 


Figure 9. Chart for Circuit Constant of Full-Wave Rectifier Circuit 
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With input voltage Vin minimum and the foad Pg maximum, and the smoothing output voitage Vo 
is set to 100V (minimum value), from 


p 5.5 x 20 
Vin(min.) = 90V,  Pin(max.) = ee = SE = 157 (W) 


(Supposing efficiency is 70%) 


the peak value of output voltage is 
Vin(min.) = V2 Vin(min.) #127 (V) 
Therefore, the average output voltage is 


127 + 100 
Vo(DC) 2 as = 114 (Vv) 
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Substituting the above results in the chart, 


Vo(DC) , AS 0 14: 
Vinimin) 70:20 » 5 Gg 70.022 
; 2 
as, RL(min.) = o{min.) 63.7 (Q) 
Pin(max.) 
thus, 
wCR, 2 20 
therefore 
(222 20 +999 x 10% (F) 





wR, = 2nfR «Qn x 50 x 63.7 


Therefore, two capacitors of 200V, 470uF are arranged in parallel (940uF) in this circuit. 
(2) Design of Transformer 


i) Core 
Use Tohoku Kinzoku's El type ferrite core FEI40-3100B. The performances of this core are given 


in Table 2 below. 


Table 2. Performances of Core FE140-3100B 
(from Ferrite Core Manual “Cat. No. FR-17” of Tohoku Kinzoku) 


Cross Section 





Magnetic Path Length 


1210nH 6040nH 


Induction Coefficient AL see Oak omy 


DC Overlapping = 20 AT 1.5 AT 


Characteristic N at t= 0.13mm att=0 


| 
Effective Saturated 
Magnetic Flux Density pi neon au 








* t: Core Gap 
ii) Winding 
a) Number of Turns of Primary Winding Np 
from 
Ne = —Vin Where: Vin = 130V, B = 2400 Gauss (= 0.24 wb/m?), f = 20kHz, 
Pw 4+B Ag <f Ae = 1.46cm? (= 1.46X 10m?) 


Np = 46.4 = 47 (turns) 


b) Diameter of the wire of Primary Winding Dp 


110 


from 


41; P. 
Dp = /— inlaw) 2lintav) = yo = BO 51,38 (A), 8 = 2A/mm? 


Aix 1.38 


eit Feear 
2x 10° x 3.14 





Dp 40.66 (mm) 


c) Number of Turns of Secondary Winding Ng 
from 


(Vo + VE + lo trl) *Np*T 


Ns= 27°Vp 





where 


Vo = 5.5V, VE = O.5V (IF = 20A), rL = 0, T = 50us, tT = 23ys, 
Np = 47, Vp = Vin(DC) = 100V min. 


Ns = 3.06 =3 (turns) 


d) Shape of Secondary Winding 
From the standpoint of skin effect, use wheel winding with a copper plate of 15mm width and 
0.3mm thickness considering the bobbin shape of core. 
e) Electrostatic Shield 
Use alminum foil. Ground the foil to the case. 
f) Core Gap and Inductance of Primary Side 
Due to the difference in storage time of switching devices DC superimposed current flows. through 
the circuit of primary side, so the core should have DC superimposed characteristics. 
When designing, DC superimposed characteristic NI is set to 20 AT considering the margin for NI, 
from 
t=0.13mm, AL = 1210nH 
inductance Lp of primary side is 
Lp =AL*Np? + 10°= 1210 X 47? X10 % 2.67 (mH) 
(3) Selection of Switching Devices 
Prepare two transistors NTC1865 for switching devices to effectuate the push-pull operation at AC 
100V line, remembering that VcE is 280V and Ic is 2A. 
Table 3 represents a summary of the characteristics of transistor NTC1865. 








Table 3. Characteristics of NTC 1865 


PACKAGE DIMENSIONS 
in millimeters (inches) 


) 


g15.0MAX, x52 
(40.591MAX.) 


(0. 1MAX 
8.8MAX. 






(0.347MAX.) 









+0.5 


10-085 
(0.394) 





1. Base 

2. Emitter 

3. Collector(Case) 
EIAJ :TC-16, TB-23 
JEDEC:TO-66 

IEC =:C13 


FEATURES 
@ High speed switching. 
@ Low collector saturation voltage. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Voltages and Currents (Ta = 25°C) 


Collector to Emitter Sustaining Voltage VCEO(sus) 400 V 

Collector to Emitter Sustaining Voltage VCE(sus) 450 Vv 

Emitter to Base Voltage VEBO 7.0 Vv 

Continuous Collector Current IC(DC) 7.0 A 

Peak Collector Current IC (Pulse) * 15 A 

Continuous Base Current IB(DC) 4.0 A 
Maximum Power Dissipation (Tc = 25°C) 

Total Power Dissipation PT 50 W 
Maximum Temperature 

Junction Temperature 1 200 ef © 

Storage Temperature Tstg —65 to +200 °C 


*Pulse PW < 300 us, duty cycle S 10% 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC 


Collector Cutoff Current 


Emitter Cutoff Current 


SYMBOL ‘ . | UNIT TEST CONDITIONS 


Vce = 500V, VgE(OFF) = —1.5V 





Veg =5.0V, Ic =0 





DC Current Gain 


Vee = 5.0V,1¢ = 3.0A* 
VcE = 5.0V, Ic = 5.0A* 








Collector Saturation Voltage 


VCE (sat) . Ic = 5.0A * 





Base Saturation Voltage 





VBE(sat) | : Ig =1.0A 








Turn On Time 





Storage Time 


ton : Ic = 5.0A, 1p1 = -—lp2 =1.0A 
tstg él Ri = 302, Vec =~ 150V 








Fall Time 











tf 
*Pulsed PW< 350us, duty cycle < 2% 
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(4) Rectifying and Smoothing Circuit of Secondary Side 
i) Selection of Rectifier Elements 
Use 30A schottky barrier diode 30SBOS3S. Table 4 gives characteristics of this diode. 
Table 4. Characteristics of 30SBO03S 


Item Symbol Conditions Standard 





call 


Repetitive Peak Reverse Voltage VRRM <> 30V 
IF(AV) To = 64°C, duty cycle < 50% 33A 





Rating 





Forward Current 
l-(RMS) —_— 47A 





E 
a 
£ 
x 
icv 
= 


Junction Temperature Tj ——— 100°C 


Repetitive Peak Reverse Current IRRM Tj =—40 to +100°C, VRM=VRRM 150mA 











teristics 


Forward Voltage VEM IFEM = 100A 0.8V 











Thermal Resistance Rth(j—c) between Junction and Case, DC 1.4°C/W 








ii) Choke Coil 
a) !nductance of Choke Coil 
from 


_ > (85~5) + (Vs — Vol *Vo *T 
- lomax. °VS 


where 
VS> aS *Vin(DC) = eas 130 =8.3V | = 20A, T = 50us 
Np 47 : ‘ omax. ' 


i> 3.5 x (8.3-4.5)x45x50x 10° 
= 20 x 8.3 





= 18 (uwH) 


b) Core and Number of Turns 
Considering the applicable current and the required inductance, use core FEI40-3100B of Tohoku 
Kinzoku giving a gap of t= 1.8mm under DC superimposed characteristic NI = 300 AT. (AL = 181 nH) 
For winding, use a copper plate (t = 0.3mm, W = 15mm). In this case, the number of turns is 
N = 12 (turns). 
Therefore 
L=AL +N? -10° = 181 X 12? X 10° + 26 (uH) 
c) Smoothing Capacitor 
In normal cases, an electrolytic capacitor is used as a smoothing capacitor. However, a capacitor 
of low impedance which has excellent impedance Zc for frequencies over 10 kHz is especially desirable. 
For this reason, Nippon Tsusin Kogyo’s ‘‘Rawimpac” is applicable. 
The impedance Zc required by the capacitor can be obtained as follows: 
from 


Zc = “FB +e +L Zc $79x 107 (Q) 
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where 


Vg 58.3V, Vrip S20mV, w= 2nf, f= 20kHz, L= 26uH 


To satisfy the above impedance requirement, use aluminum electrolytic capacitors (10 WV, 2200 uF 
X 9 (19800pnF)). 
(5) Auxiliary Power Supply Circuit 
Use self-running half-bridge type DC—DC converter shown in Figure 10. With such DC—DC converter, 
the voltage applied to the transistor can be smaller than push-pull type power source voltage. 
i) Specifications 
Input Voltage (Vin) : 100 ~ 150V 
Output Voltage (Vg): 15V (for stabilized output) 
Output Voltage (Vg2): 15V (for unstabilized output) 
Output Current (191) : S0MA (for control circuit) 
Output Current (1q2) : 150mA (for driver) 
Frequency : 10 kHz 


Figure 10. Schematic Diagram of Half-Bridge Type DC—DC Converter 


1.52 F14D 





T, 18954 x 4 











N 
a Si pecraats 0+15V (50mA) 


10uF 
25 WV 
AC 100V 
(50Hz) 
N 
IAL +15V (150mA) 
33uF (unregulated) 
25 WV 


Q1, Qz: 28C1748 x 2 


T1: (Core) Hsc2—E!22—Z 
(Winding) Np = 92 turns 
Ngq1 = 34 turns 
Nsg = 22 turns 

Ng =2 turns 


ii) Applicable Transistor 
As can be seen from the characteristics given above, the auxiliary power supply circuit requires 
power of approximately 3W. As a result, a current of approximately 50 mA runs across the transistor. 
Therefore, use transistor 2SC1748. Table 5 presents characteristics of transistor 2SC 1748. 
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Table 5. Characteristics of 2SC 1748 Package Dimensions 







































‘ (Unit:mm) 
Absolute Maximum Ratings (Ta = 25 C) 
$9. 6 1MAX. 
Item Symbol 

Collector to Base Voltage VCBO 3 
Collector to Emitter Voltage VCEO Fe 

co 
Emitter to Base Voltage VEBO 7.0 Zz 

= 
Collector Current (DC) IC(DC) 100 re 
Collector Current (pulse) IC (pulse) * < 
Base Current (DC) IB(DC) 50 2 -N\ 

foe) 
Total Power Dissipation d \. ro) 

= : ay 
(Ta = 25 C) Ye 
Junction Temperature i 150 
Storage Temperature —65 to +150 
1. Emitter 

*PW< 10 ms, duty cycle < 50% 2. Base 


3. Collector (Case) 

EIAJ :TC-5,TB-5B 
JEDEC: TO-205MD (TO-39) 
IEC :C4,B4B 


Electrical Characteristics (Ta = 25°C) 


Characteristic Test Conditions 
Collector Cut-off Current lego Vcp = 300V, Ie =0 








} 
Emitter Cut-off Current lEBO Veg =5.0V, Ic =0 





DC Current Gain FE VceE = 2.0V, i¢ = 50mA * 





Collector Saturation Voltage VCE (sat) | Ic = 50mA,!B=5.0mA * 





Base Saturation Voltage V BE (sat) Ice =50mA,!p=5.0mA * 


ia 





Gain-bandwidth Product Vee = 30V, I_ = —10mMA 








Collector Capacitance Vcp = 30V, I_e = 0, f = 1.0MHz | 


Turn-on Time 








: Iq = 50mA, 
Storage Time 

















| =—Ip9 =5.0mMA 
Turn-off Time et Be 














Pulsed PW < 350us, duty cycle < 2% 


ili) Design of Transformer for Converter 
a) Type of Core 
Use core H5c2—El22—Z of TDK for its rectangular hysterisis loop characteristic. 
Effective area (Ag): 0.41 cm? 
Effective Saturation 
Magnetic Flux Density (Bms): 4300 Gauss (Ta = 25°C) 
Induction Factor (AL): 10000 nH (at t = 0) 
DC Superimposed Characteristics (NI): 0.9 AT (at t = 0) 
b) Number of Turns and Diameter of Winding 





Number of turns (Np) of the primary winding is as follows: 


from 


es Vin 
Np = 4+*Bms*Ae °f 
gals 65 

P "4x 4300 x 10% x 0.41 x 10% x 10x 10° 





=92 turns 


Diameter of winding for the primary winding is as follows: 


from 
Po 
Dp2 pce lela) = y= 
28 
Ic(av} = a2 = 86mA _ (supposing n = 70%) 
therefore 


/4x 86x10? _ 
Dp = ae 106 =0.23mm@ 


Numbers of turns (Ns and Nga) of the secondary winding are as follows: 
from 


Not = yee “Np, Vs=Vo1+25+0.7 


ree 
Ns1 = Her eerel 92 + 34 turns 


and from 


Vv 
Ns2= ve "Np 


Ns2 = oe x 92 5 22 turns 


Wire diameters (Ds1 and Ds) of the secondary winding are as follows: 
from 


/4l 
Dsi2 —SMav I$1(av) = lo1 = 50mA 
4x 60 x 10° 
maT wR ARO TOE 


and from 


[aj 
Ds2 = —S2lov) | Is2(av) = loz = 150mMA 
4x 150 x 10° 
os ERR IGE 
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c) Core Gap and Inductance 
The core for a converter is used with saturated magnetic flux. 
When fixing the El core, the gap should be kept as small as possible to reduce the exciting current 
by striking the contacting surfaces to each other. 
Inductance Lp of the primary winding is, 
from 


Lp =AL -Np2 +10? 
Lp = 10000 x 92? x 10°? 485 (mH) 


Therefore, exciting current IPK is 
from 
Vin 


ea: 


I = 65 6 x 
PK = S5x 102 * 50 x 10° =38mA 
(6) Base Driving Circuit 
As shown in Figure 11, pulse transformer is used in base driving circuit for the current amplification. 
i) Design of Transformer 
a) Core 
Use core Hh A—E122—Z of TDK. 
Effective Area (Ag): 0.41 cm? 
Magnetic Path Length (1¢): 4.42 cm 
DC Superimposed Characteristics (NI/1¢): Approx. 2.5 AT/cm 
AL-Value (AL): 600 nH (at t = 60 um, Urey, = 500) 
b) Base Current lg 
Base current 1g can be obtained in relation to the drive ratio (lemax,/IB = 5 ~ 10) with the 
maximum collector current. 


from Po_ T 


2 T *ICmax.(av) * Vin 





Po ~T 1 _ 110 ~— 50 1 


n 7 Vin 075 44 100 


ee Figure 11. Base Driving Circuit 
Po = Vo X lo= 55x 20= 110 (W), 


n= 75%, T= 50us, T= 22 x 2 = 44 (us), 
Vin = 100V (min.) 











= 1.67 (A) 





|Cmax.(av) = 


Vec (+15V) 







Therefore 


ig = 1Gmax. «, 187 + 360 (mA) 


D,,D9: 18954 x 2 
Q41: 2SC97A 
Q2: NTC1865 (main switching device) 
T4: (core) Hp A—E122 (t = 6Oum) 
(winding) Np: 140 turns 
Ns: 28 turns 


GNDO 
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c) Number of Turns and Diameter of Winding 
The primary winding requires the maximum number of turns to make the loss caused by exciting 
current small. Therefore, it is represented as following. 
Np = 140 (turns) 


The number of turns for the secondary winding is, 
from 
Vs 


Ns = Vee Ns = 28 (turns) 





“Np 


’ 


where 
Vs =3V,and Vcc = 15 V 
Diameters of Windings are as follows: 
Diameter (Dp) of Primary Winding : 0.2mm 
Diameter (Ds) of Secondary Winding: 0.4 mm 


(7) Overcurrent Sensing Circuit 
According to the test result, details of the current transformer for the overcurrent detector circuit are 
as follows: . 
i) Applicable Core 
H5c2 T14.6—-20-—7.5 of TDK 
ii) Number of Turns and Diameter of Winding 
Np: 3 (turns) 
Ng : 150 (turns) 
Dp: 0.8 mm 
Ds :0.4 mm 
iii) Sensing Sensitivity 
With the component parts given above, the test results are as follows: 
Detection Sensitivity: 1.64 V/A 
Sag (Droop: D) : 2.4% (where lin = ~ 5A and r = 20 us) 


3-4 Operating Waveform 

Figure 12 shows the operating waveform of the trial-manufactured switching regulator with actual 
loading. 

The surge voltage applied to a transistor is due to the leakage inductance of transformer T1. Thus, 
the surge absorbing circuit (C and R) is required to prevent the surge voltage from exceeding the breakdown 
voltage of the transistor. 

In this circuit design, inductance Lp of the primary side of transformer T1 is set to 2.67 mH. If a margin 
is left for the DC superimposed characteristics, gap t of transformer T1 can be set to 40 um (Lp = 5mH). 


118 


Figure 12. Operating Waveforms of Switching Regulator 





Vin (+130V) 
O 





Ryz,C 1: Surge Absorption Circuit 


Ry = 4302, 2w 
C1 = 1000pF, 1.4kWV 








Conditions 

Input Voltage :100V (AC 50Hz) 
Output Voltage: 5V 

Output Current: 20A (full load) 


4. CONCLUSION 

We have given general descriptions on examples of the switching regulator design. We are not able to touch 
on the design of the heat sink for lack of space. 

For the trial-manufactured circuits in this technical data sheet, we have not finished the examinations of 
transient response and temperature characteristics. In addition, the circuit constants are not suited for mass- 
production of the circuit, due to the lack of consideration of the deviation and temperature characteristic of 
the component parts. 

It is noted that we cannot take the responsibility for any claim or suit on the patent right regarding the 
circuit illustrated in this technical data sheet. 
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NV. F¢ : APPLICATION NOTE 





SWITCHING REGULATOR CONTROL IC 
#PC1042C APPLICATION CIRCUIT 





1. INTRODUCTION 

The switching regulator has been noticeably improved about weight, dimensions, and efficiency as compared 
with the conventional series regulator. On the other hand, however, its control circuit being very complicated, 
requires many knowhows. uPC1042C contains such a complicated control circuit in one chip by making the best 
use of features of monolithic IC, and it permits reducing the number of component and mounting and adjusting 
manhours to a large extent as compared with a circuit using discrete devices. !t is also provided with various 
Protection circuits to cover many technical problems which may arise when designing a switching regulator. 


It is, thus, the best suited as a control circuit for line-operate type switching regulator. 


2. FEATURES AND OUTLINED SPECIFICATIONS OF ».PC1042C 
uPC1042C is a control IC adopting the most popular pulse width modulation (PWM) system and the push- 
pull output composition to apply to push-pull or bridge type regulator. It features as listed below. 
*Symmetrical triangular oscillation output 
* Dead time is adjustable over 0 to 100% 
* Three external phase compensating terminals are provided 
* The common mode input voltage of over-current protection error amplifier ranges up to GND level (0 to 3V). 
* No double pulsing of same output during load transient conditions 
* Malfunction prevention circuit is built in for low level inputs. 

Fig. 1 indicates the block diagram of this IC. One chip of this |C accommodates operational amplifiers, timer, 
reference, gate, flip-flop, and other circuits corresponding to 5 to 6 ICs required in conventional discrete circuit 
composition, and it is the best suited for a line operate type push-pull type (or bridge type) switching regulator 
control circuit. In case of a push-pull type with an AC 100V input, the final-stage transistor can directly be driven 
via a pulse transformer by the built-in buffer transistor, and no external transistor is needed when the output 
capacity of the power supply is 25W max. 

Fig. 2, Table 1 and Table 2 indicate the terminal connections and outlined specifications of uPC1042C. 





VREF (1) 
Vec 8 





Ref, Voltage 











Cc 
RT ® @ A 
CT ) 
Dead-time Adj. 
@ @ Ce 
@4 GND2 
Vni @ —1@© ini 
Vin @) © lin 
Compensation1 (G) 4) Compensation3 
Compensation2 (3) ena) GND1 


ee ee a eS a he J 
Fig.1 wPC1042C BLOCK DIAGRAM 
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Compensation 





Fig.2 CONNECTION DIAGRAM 
(Top View) 


TABLE 1 ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 
1 


SYMBOL RATING 





Supply Voltage Vcc 


VCER 





Output Voltage 40 





100 
40 
800 


Output Current (each output) Ic 
IREF 


PT 





Reference Output Current 
Tota! Power Dissipation (Ta=25°C) 








—20to +85 
—40 to +125 


Operating Temperature Range Topt 











Storage Temperature Range 


Tstg 


TABLE 2 ELECTRICAL CHARACTERISTICS (Vcc=12V, Ta=25°C unless otherwise noted) 










































































Small Signal Bandwidth 


BLOCK CHARACTERISTIC SYMBOL TYP.|MAX.] UNIT TEST CONDITIONS 
8, _ | Output Voltage VREF [4.6 |5.0 | 5.4 |v IREF=0 
o - 8 fe) sais ry ° ° 
a 2m} Temperature Coefficient OVREF/ST fees 200 BVI'C | —20°CSTopt S$ +85°C 
o 
3 & . Start-up Voltage Vecilt to H) | i7s | V 0 <Veck 2V 
Ss é & Hysteresis Voltage Ivy Tf Vv 0 <Vec<12V 
& Oo oi 
= 5 Initial Accuracy Pf ft % RT,CT constant 
SG ® | Temperature Stability ae aa % ~20° CT opt<t85°C 
d Input Offset Voltage Vio) 
S 2 Large Signal Voltage Gain Av1 72 
coe 
e a Common Mode Voltage 1.2 Vv 
Avie 















Av 1=0dB C1 =560pF ,C2=150pF 











Input Offset Voltage 

















foi 2 MHz 
V10(2) + +10 | mV 


~20°C<T opts +85°C 








VtoO(2) Temperature Coefficient 
Large Signal Voltage Gain 


Common Mode Voltage 





3 
4V10(2)/4T +3 
Ay2 100 











Av2=00B ,C3=220pF ,C4=470pF 





Error Amp. 2 Section 








Small Signal Bandwidth 
Maximum Output Current 
Collector to Emitter Voltage 


Collector Emitter Cutoff Current 





Collector Saturation Voltage 





Rise Time 










1O(AMP) 


VCER 
ICER 








VcE=40V 




















-Output Section 








Fall Time 








Total Standby Current 











aes a ae 
40 


VCE(sat) 0.55 | 0.7 Vv IQ=20mA 

tr 80 Ic=20mA 

tf 70 ns Vcec=12V RL +5602 
lec 12 15 mA Vcc=20V, |REF=0 
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3. COMPOSITION AND OPERATION OF EACH BLOCK 


(1) Outlined operation of each block 
The operation of the block diagram shown in Fig. 1 will be outlined below. 
i) Reference voltage block 

An internal series regulator produces a +5V reference voltage from the power supply voltage given via Vcc 
terminals. It gives the reference voltage to external circuits through No. 11 terminal. It also serves as the power 
supply for analog circuits (error amplifier, oscillator, etc.) built-into the IC. 

ii) Oscillator block 

This circuit produces symmetrical triangular wave oscillation outputs by externally connecting a timing 
resistor and a capacitor, and gives this output to external circuit with a 2~4V swing through No. 10 terminal. 
This waveform is input to (+) input terminals of comparators 1, 2 in the IC via one-stage emitter-follower. The 
oscillator block produces a square wave oscillation output being synchronized with the above triangular wave 
output, and this output is employed as an input signal to the flip-flop (F/F) described tater. 
iti) Comparators 

The comparators (1 and 2) are voltage-pulse width converters for modulating the pulse width according to 
input voltages. Comparator 2 is used for adjusting the dead time to avoid simultaneous turn-on (usually called 
cross current conduction) of two transistors which may cause a problem when the switching regulator trans- 
former is push-pull operated, In order to adjust the duty over a range of 0 to 100% from outside, (—) input termi- 
nal is provided via No. 7 terminal. . 

Comparator 1 is a PWM for stabilizing the power output. The added signals are given to this (—) input termi- 
nal from error amplifier | for controlling output voltage, and error amplifier 2 for controlling the output current 
to stabilize the power output voltage and to get a constant output current drooping characteristic for protecting 
the power supply from overload. 

Comparator 1 output signal is input as a clock signal of the iowing: T-type flip-flop via NAND gate toge- 
ther with the square wave output produced by the preceding oscillator, and then, it is frequency-divided by this 
flip-flop for the purpose of obtaining the 2-phase output composition. 

Since the clock signal is not input to the T-type flip-flop when comparator 1 output signal is in zero duty, 
no inversion action occurs. Thus, so-called double pulse phenomenon can be avoided. 

iv) Error amplifiers 

Error amplifiers 1, 2 are used for detecting the output voltage and output current of the power supply, 
respectively. 

After addition by the emitter-follower, these error amplifier outputs are input to the (—) input terminal of 
comparator 1. This adding point is taken out externally via No.3 terminal, and the loop gain can optionally be 
set by externally connecting a feedback resistor between each (—) input terminal and this terminal. The common 
mode input voltage range of error amplifier 1 is 1.2 to 4V, and the VREF output is given to the other input termi- 
nal by resistance division as a reference input voltage. . 

Error amplifier:2 adopts a PNP composition in its first stage, and therefore, its common mode input voltage 
ranges from O to 3V. Thus, it is applicable to the method of detecting and controlling a voltage drop of a very 
small resistance inserted into ordinary GND line, when obtaining the constant current drooping characteristic, 
of the power supply. 

These error amplifiers contain 3 pins including No. 3 terminal as phase compensating terminals, so that the 
frequency response of the gain is variable by two external capacitors, respectively. 

v) Output block 

The output block adopts the two output composition (push-pull composition) system, in such a manner that 

emitter grounded open collector output transistors are alternately operated at max. 50% duty at active low. 
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Accordingly, when the 100% max. duty is required for a chopper circuit, etc., it can be realized by wired-OR of 


two outputs. 
Fig. 3 indicates the timing chart for operating waveform of each block 


Oscillator Waveform Paveseee rage page ge 
I 


=4V 1 of a--- 
Triangular Oscillation Output 
=2V — 








~~ ee 


Dead time Adj. Input Voltage Error Amplifier Output Voltage 
(Pin 7 Input Voltage) (Pin 3 Output Voltage) 


IT 
Comparator | Output | | |: | | | | | | | | | 
It | 
14 | 
T-Type Flip-Flop [nput | 
(NAND Gate Output) 
| 
I 
T-Type Flip-Flop Q Output | | | | | | | | | | 
| | 
T-Type Flip-Flop Q Output ae | : [ [| rd [- 
{ | 
| { 
| 
Comparator II Output | | | | | | | | | | | | | | | | | | | | 
Output Ca 4 rs [ [| | 


Output Cg 















ON 


Fig.3 INTERNAL WAVEFORMS (TIMING CHART) 


(2) Circuit compositions and operation 
i) Reference voltage block 






@) VRer 


to- internal circuit 


GND1®) 


Fig.4 REFERENCE VOLTAGE CIRCUIT COMPOSITION 
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When Qy1 is turned on by the start-up circuit consisting of Ry and Dj, Da is biased via Q1 collector, and also 
Q2 and Q7 operate to start the reference voltage block. Q2, D4 and Q7 compose a constant current bias circuit, 
so that a constant current proportional to the Dg collector current flows according to the resistance ratio of Ro, 
R3, and Rg under steady-state condition, respectively. 

The reference voltage circuit consisting of D2 and D3 outputs a reference voltage of about 6.4V by means 
of the constant bias current flowing from Q2 collector. Under this condition, the Q1 emitter potential becomes 
about 5.7V, and the base-emitter circuit is reverse biased and cut off. 

The output is stabilized by the Q5, Qg current mirror circuit. The reference voltage output is obtained by the 
following equation at this time. 


R5+R6 | Sou ae 


= = = -————— +V 
VREF {\vz03 + VBeo2 VBEQ3 — VBEDS) "a7 Re +Re * BEDS “vp 


Rg serves as a short-circuit protection resistor, and if output current [REF exceeds the specified value, 
Qg turns on to lower the Q1Q base potential. 


ii) Malfunction prevention circuit at low level input 


VREF 






| ea ouput 
028 64 


Fig.5 COMPOSITION OF MALFUNCTION PREVENTION CIRCUIT AT LOW INPUT 


This circuit cuts the output circuit bias to prevent a malfunction due to unstable operation of the oscillator, 
etc. when the power supply voltage input to wPC1042C is lower than specified. Its detector part consists of the 
following two circuits. 

One is the differential amplifier consisting of Qgq and Q61, which detects power voltage Vcc. If Vcc ex- 
ceeds about 7.5V, the differential amplifier is reversed by the voltage which biases R61 via D27, D2g, causing 
Qg3 to turn on. Thus, Qg4~Q¢6 are cut off to release the output part. Since Q56 remains turned on during hold 
time, unnecessary. charging of the soft start capacitor externally connected to No. 7 terminal, can be avoided. 

in addition, two bias points are given to Qg1 by ON-OFF operation of 063 so as to obtain a hysteresis width 
of about 0.5V as shown by the following equation. Thus, a chattering phenomenon due to a ripple component of 
Vcc can be avoided. 


R65 


Hysteresis width Vy ==> 
R64 + R65 


*(VBEQ60 + VBEQ61) = 0.56 (V) 
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The other is the VRef detector circuit to prevent a malfunction against slow rising (an effect by the output 
limiter circuit in the reference voltage block) caused by addition of a large-capacity capacitor to the VREF 
output terminal. 

The output of the differential amplifier consisting of Q77 and Q7g stops the dead time adjusting circuit to 
hold the output block. 

Fig. 6 shows the operating waveforms of this malfunction prevention circuit. 


10V ———~ Timet 





Vcc input voltage 
wave form 0 


VREF output voltage 
wave form 0 












VREF 


Balser uPC1042C 







IC operating 
condition 








Hold 





}~— Operating duration 
of output block 


MAX 


C: Soft start 

capacitor 
Charging start of soft Discharge of soft start r=C+ (Ry // RQ) 
L_ start capacitor capacitor 


Output Section 
Duty-Cycle 0% 








Fig.6 OPERATING WAVE FORMS OF MALFUNCTION PREVENTION CIRCUIT AT LOW LEVEL INPUT 
iii) Oscillator block 


a 


VREF © RT (Oley bias to error amp. II bias 





Square wave output 


2.8V if a 


o- 





bias 


to error amp. | bias triangular wave oscillating output 
(to comparator |, 1 (—) input terminals) 


Fig.7 OSCILLATOR CIRCUIT DIAGRAM 
The oscillator block is composed of a constant current source and a level detector amplifier. It is self-oscil- 


lated by externally connecting a timing resistor and a capacitor to No. 9 and 10 terminals, causing two oscillat- 


ing waveforms (tirangular and square waveforms) to be output. 
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The triangular wave oscillating output is obtained by the charge and discharge of the external capacitor by 
means of positive/negative constant current sources. 
As shown in Fig. 8 ‘principle diagram’, the constant current source is composed of a positive constant 


current source Ay and a negative constant current source which is on-off controlled by a level detector amplifier 
A3 having a hysteresis. 





Fig.8 PRINCIPLE DIAGRAM OF A TRIANGULAR WAVE OSCILLATOR 


Oscillation frequency f determined by the external capacitor and resistor can be obtained approximately by 
the following equation. 
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: =1.05-Cy- (RT +1.3) +1.5 
f : [kHz] 
CT: [nF] Applicable range CT2200pF 
RT: [kQ] 


10kQE< RT<100kN 
iv) Error amplifier | 










output 
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Fig 9 ERROR AMPLIFIER! CIRCUIT DIAGRAM Fig.10 ERROR AMP.! GAIN vs. FREQUENCY 


The error amplifier employs a regulated reference voltage output of +5V as the power supply voltage to ob- 
tain SVR in the same manner as in the oscillator block. It is composed of 2-stage direct-coupled amplifiers with a 
differential input, and open loop voltage gain Ay, is as high as about 85dB. 

This multistage amplifier composition contains plural poles, and no internal phase compensation is done. 
Thus, the phase angle exceeds 180° at about 2MHz or higher. It is, therefore, necessary to conduct external phase 
compensation to prevent oscillation as shown in Fig. 10. 


C1 is required for preventing leakage noise the oscillator block. 
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v) Error amplifier I 


Compe.3 INI UN 


® © © 


VREF 
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Fig.11 ERROR AMPLIFIER II CIRCUIT DIAGRAM Fig.12 ERROR AMP. Ii GAIN vs. FREQUENCY 


Error amplifier || is used as an overcurrent protection circuit of the power supply. It amplifies the output 
current signal obtained via a low resistor connected in series with the load, in general. Accordingly, it requires a 
high gain (about 60dB at ordinary working level), and also the common mode input voltage range is required 
up to the GND level of this IC being operated by a single power supply. This circuit is composed of the initial- 
stage PNP differential amplifier as shown in Fig. 11. 

The open loop voltage gain is about 100dB, which is higher than that of error amplifier | by about 15dB. 
However, the external phase compensation is required as shown in Fig. 12. The zero cross frequency is about 
1.2MHz when the minimum phase compensating constant is externally connected. 

vi) Dead time adjusting circuit 


bias 






to output block AND gate 
(Square wave output) 





from triangular wave oscillating circuit 


low input malfunction prevention circuit output 


Fig.13 DEAD TIME ADJUSTMENT CIRCUIT 


The dead time adjusting circuit adjusts the dead time by changing the DC input voltage given to No. 7 termi- 
nal so as to change the slice level of the triangular wave through comparison with the triangular wave oscillating 
output by means of the differential amplifier consisting of Q56 and Q57. 
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Fig.14 RELATION BETWEEN DEAD-TIME ADJUSTMENT INPUT VOLTAGE AND DEAD TIME DUTY 


Vii) Output block 


Cg output block bias 
to Low V.Stop 





F/F Q output 


comparator | output comparator II output 
{PWM output) (Dead-time Adj. output) 


Fig.15 Ca OUTPUT BLOCK (This is also applicable to Cg OUTPUT BLOCK) 


The output block is composed of the 3-input AND gate consisting of Tr s Qg;~Qg3, buffer open collector 
output Tr, for buffer Qg7, and its driving Tr, Qgg. Also, Rgg is attached as a short-circuit prevention circuit, 
and Qgzg is attached to prevent the saturation of Qg5 or 0g7. 

(3) Equivalent circuit 

Fig. 15 indicates the equivalent circuit of uwPC1042C. Since this IC contains many functional blocks, the 
number of the elements amounts to about 230, featuring a large scale in this class.. 

Fig. 17 shows the entire circuit diagram of a switching regulator to be tentatively manufactured according to 
the above specifications, and Table 3 shows the parts employed for the circuit. 


4. APPLICATION EXAMPLE TO 5V, 10A OUTPUT PUSH-PULL TYPE SWITCHING REGULATOR 
As an application example of uPC1042C, the design method, parts employed, and circuit constants will be 

determined for AC 100V line operate type 5V 10A output switching regulator as a typical example, and the 

details of manufacturing procedure and performance are described below. 

(1) Specifications 


Input voltage AC 100V (50 or GOHz) +10% 
Output voltage and current: DC 5V +5%,.10A max. 
Operating frequency: f=20kHz 
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6cl 


VREF Ry CT Vin VNI Compe.1 Compe.2 Compe.3 INt JIN Dead time Adj. 
O11 O9 O 10 O1 O2 O16 O3 O4 O5 O86 O7 
































GND2 
O14 











Fig.16 EQUIVALENT CIRCUIT DIAGRAM OF uPC1042C 





(2) Design of each block 

Fig. 17 shows the entire circuit diagram of the switching regulator according to the above specifications. 
Table 3 is the parts list. 

As shown in the broken line in this circuit diagram, the switching regulator is composed of 7 blocks including 
the control part employing wPC1042C. Its major blocks will be described below. This circuit requires an external 
auxiliary power supply input of 12V 80mA as a power source for the control block. In practice, a converter 
circuit using a blocking oscillator and a small-sized power transformer etc are employed together with an AC 
100V line input. 

i) primary rectifying and, line input smoothing block 

This block full-wave rectifies AC 100V from the input terminals via a line filter, by means of a diode-bridge, 
and turns it to a DC (with ripple) voltage of about 130V through a capacitor input type smoothing circuit. 
Since a voltage corresponding to twice the peak value (about 141V) of AC input voltage is applied to the recti- 
fiers D7~Da, rectifiers with 400V repetitive reverse voltage are required. 

And the average current amounts to about 0.7A, so four F14D or 2B8M (stack) are recommended. R1 serves 
as a rush current limiting resistor and the value is about 1.52/2W. 

Since Rj is not enough to prevent a rush current in case of a large capacity, use of an SCR in parallel with 
R41 is recommended. 
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Fig. 17 5V/10A OUTPUT SWITCHING REGULATOR CIRCUIT DIAGRAM 
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TABLE 3 PARTS LIST OF SWITCHING REGULATOR 


Symbol Ratings 





Ci 2 1000pF ,3kV ceramic capaci- 
tor 


C35 2200pF , 3kV cera. capa. 


C4 470uF, 200V AI electro- 
lythic capa. 


Cg 2200pF, mylar film capa. 


C7 2200uF, 10Vx5 Al electro 
capa. 


3.3uF, 16V tantalum electro. 


capa. 


0.47uF mylar film capa. 


10uF, 25V Al electro. capa. 


0.015uF mylar film capa. 


470pF ceramic capa. 


680pF 


0.068uF mylar film capa. 


4700pF ”’ 
0.015uF ” 


3.3uF tantalum electro. capa. 


1000pF mylar film capa. 
F14D x 4 (1A, 400V diode) 


F114D x 2 (first recovery Di. 


15SBO3S x 2 (shottky 
parricr Di.) 


18954 x 4 
uPC1042C 


Ratings 


Ratings 








2SC2335x2 


2SA883x2 


filter choke coil using TM 


dust core T12-60 
N=29T x 2, D=0.7mm@ 


L=75uH 
Smoothing choke coil using 
T1460 


N=24T , D=0.7mm@x8 paral- 
lel 


L=354H 


Filter choke coil using T12- 
60 


N=3Tx2, D=0.7mmox8 
parallel 


L=1.2uH 

1.52,2W — Solid:rasistor 
1kQ, 1W Solid resistor 
752 carbon film resis, 


2mQ.>manganin wire resis. 
512 carbon film resis. 
12Q, ‘AW carbon film resis, 
1002 carbon film resis. 
5k. metal film resis, 


510k. carbon film resis. 











5k2 ~~ metal film resis. 
4.3kQ2 metal film resis. 
470kQ2 carbon film resis. 
4702 carbon film resis. 
91k carbon film resis. 
3.6k2 carbon film resis. 
6.8k2 carbon film resis. 
20k2 meta! film resis. 


main transformer 


core employed F X3730 
(made by PHILIPS) 


Np=80T x2, Dp=0.6mm¢ 


N,=6.5Tx2, core gap t=50um 


pulse transformer 
core employed H5C2EE12 
(made by TDK) 


Np=70T x 2, Dp1=0.2mm¢, 
Dp2=0.1mm¢ 


Ns=18T, Dg=0.25mm@ 
core gap t=10um 


2k +B type variable resistor 
50k2_B type variable resis, 
RD24EB 


The capacitance value of aluminum electrolytic smoothing capacitor C4 can be obtained from O.H.Shade 


diagram (See technical data “Design of push-pull system switching regulator (Basic)’’). In case of full-wave rectifi- 
cation, an about 500uF capacitor may be used without trouble per 50W of power output. 
it) High-frequency inverter block 

The high-frequency inverter block has conventionally been the most complicated in designing a switching 
regulator. This is because a high-speed power transistor for the line operate type were not available, and the 
knowledge about high-frequency inverter transformer design has not been fully enriched. However, many kinds 
of high-speed high-voltage switching power transistors are available now and we can generally obtain such devices 
that are required for a power supply with an output capacity of about 10W to 1kW in recent years. On the other 
hand, exclusive transformer cores have recently been developed, in addition to conventional El type core for 
telecommunication equipment. 
(a) Selection of transistor 

In this design, industrial use plastic Tr 2SC2335 is employed because it can easily be mounted and the circuit 
does not require especially high reliability. 
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Structure: NPN triple diffused silicon transistor 


TABLE 4 OUTLINED SPECIFICATIONS OF 2SC2335 
ABSOLUTE MAXIMUM RATINGS (Ta=25°C) PACKAGE DIMENSIONS — (Unit : mm) 


93.610.2 4,9MAX. 
ir 320.2 
J 


2.8 


SYMBOL RATINGS 
Collector to Base Voltage VCBO 











Collector to Emitter Voltage} VCEO 
Emitter to Base Voltage VEBO 7.0 
Collector Current (DC) IC(DC) 7.0 











Collector Current (Pulse) IC(pulse)* 15 





12.5 MIN,’ 15.9MAX 


Base Current (DC) 1B(DC) 3.5 
Total Power Dissipation PT (Tc=25°C) 40 








1. Base (B) 

2. Collector (C) 
fete| 3. Emitter (E) 

4 


. Fin (Collector) 


= l/=S/P|/ Pri <j< 





2,54 2.54 





Total Power Dissipation PT(Ta=25°C) 15 


° 


° 
orn) 


Junction Temperature Tj 150 
Storage Temperature Tstg —55 to +150 


* PW<300us, duty cycle <10% 








ELECTRICAL CHARACTERISTICS (Ta=25°C) 


MAX. | UNIT | _ TEST CONDITIONS 

[Collector Cutoff Current | Icpo | (|__| 10 | HA | Vce=400V, Ie=0 

DC Current Gain nee Lecce a MEO NC 
hFEQ a ee VCE=5.0V,1c=3.0A * 

coiector Seturation Vokoge | Verte |_| __ 

[Base Saturation Voltage | Vee(sat)_| |_| 


Turn on Time ton 


Storage Time tstg 


Fall Time tf 
* Pulsed PW<350us, duty cycle <2% 


















































1c=3.0A 
Us 1B1=—IB2=0.6A 
Vcc#150V, VBE(OFF)=—5V 





















b) Design of transformer 
The transformer is designed based on the following two equations. Equation (1) gives the allowable maxi- 
mum input P(VA) which is determined according to the core size and shape, and the number of turns of the 
primary winding can be obtained by equation (2). 
P=2(w.f.)‘B-f-Ae-Awd (1) 
V=4-B-Ae-f-N (2) 
where, P:Allowable maximum input of transformer (VA) 
w.f :Occupation ratio (Ratio of total sectional area of winding to total window area Aw(m?) of the core) 
Ae :Effective sectional area of the core (m*) 
§ ‘Allowable current density of the winding (A/m?) 
V_ :Applied voltage to the winding (V) 


B  :Magnetic flux density (Wb/m?) 
f :Operating working frequency (Hz) 
N_ :No. of turns of the winding 
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Determination of the core 
FX3730 made by PHILIPS is employed as a core, since its cylindrical center pole facilitates winding (See 
Fig. 18). 


+0.8 
15.5°9 





29 
© 
mR |e9 
2) 2 
- | 0 
shoe 
24,270:15 
Saturated flux density Bms=3900G ayss (Ta=25°C) 
Initial permeability ui=3500 
Effective sectional area Ae=121mm? 


Effective magnetic path length Le=89.3mm 


Fig. 18 OUTLINE DIMENSIONS AND CORE CONSTANT OF FX3730 


Determination of windings 
The number of turns of primary winding Np can be obtained by transforming equation (3) and giving the 


following constants to the equation. 
Vin = 130V, B=1700 Gauss (= % Bms) 
Ae =121 mm? f = 20kHz 
Np = a eee ane EE: ete + 80 (turns) (3) 
4-B-Ae-f 4-1700-10%-121- 107®- 20 - 10° 
The wire diameter is determined while taking the limit due to allowable current density and core size into 


consideration. The primary winding wire diameter of Dp=0.6mm¢ is suitable for this design. 
The number of turns required for the secondary winding can be obtained from the output voltage, forward 


voltage of secondary rectifier, maximum duty of inverter, allowable AC input voltage range, etc. 


This can be expressed by the following equation. 


N eae es MOU UTE) ag 
° Vin : Vin * Omax 


where, Ns: No, of turns of secondary winding 
Vs: Terminal voltage of secondary winding (V) 
Vout :Output voltage of power supply (V) 
VF :Forward voltage of secondary rectifier (V) 
a :Voltage drop due to choke coil, wiring, etc. (V) 
Dmax:Maximum duty of inverter D=7/T (T:Cycle 7: ON time) 
The number of windings is obtained by applying the following constants into the above equation. 
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into the above equation. 


Vout = 5.5V, VF = 0.6V, = 0.2V, T=25us, Tmax = 20us 
Vin = 100V (min), Np = 80 

+ 
2 mee - 80 = 6.3 56.5 (turns) 


100 °5e 


Ns 


iii) Secondary recitifier smoothing block. 
a) Rectifier 

Since the power loss due to a forward voltage of the secondary rectifier largely affects the efficiency in a 
low voltage, large current power supply having an output voltage of 5V, Schottky barrier diode (SBD) is em- 
ployed in most cases. Table 5 shows the outlined specifications of 15SBO3S used in this design. 

SBD features a low forward voltage, but its breakdown voltage is as low as 30V, and also it is not strongly 


resistible against a surge voltage. 
Thus, Cg, Rg, and Zener diode ZD are used for surge absorption to protect the SBD, as shown in Fig. 17. 


TABLE 5 15SB03S RATINGS 
MAXIMUM RATINGS 







ITEM SYMBOL 15SBO3S 15SB04S UNIT 
Repetitive Peak Reverse Voltage VRRM | 30 | 40 |v | 
Non-repetitive Peak Reverse Voltage VRSM | 360 BT 


Vv 
V 
Average Forward Current IF(AV) 15(Tc=98°C Rectangular A 
wave, Duty cycle 50%) 
A 
° 
6 
















ee 


Stud Torque 





CHARACTERISTICS 










SYMBOL RATING] UNIT 
Tj=-40 to+125°C | 100 | mA 


PACKAGE DIMENSIONS = (Unit : mm) 














Repetitive Peak Reverse Current 















¢9.5MAX, 
$1.940.1 5.1MAX. 
Spl 


4 
om) |= 
g =| 
N 0/9 
oO [o>] 
ry) 

oO 
= M5 
2 PO.8 
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b) Choke coil 

The choke coil absorbs a discontinuous current flowing from the secondary winding of the transformer 
via the rectifier, reducing the ripple current to be flown into the smoothing capacitor. 

Accordingly, the core material and the number of turns of winding are selected according to a DC super- 
imposing current (or, output current) and the inductance which is determined by the allowable ripple current 


when designing the choke coil. 
Since the ripple current affects the ripple voltage of the power supply and it causes the choke coil current 


to be discontinuous at a light load, resulting the output voltage in stability and inferior transient response. 

Thus, the inductance value is an important parameter to determine the performance of the power supply. 
Note: 

When the choke coil current becomes discontinuous, this current is called a critical current. In addition, the 
proportional relation between the duty and the output voltage no longer holds true when the choke coil current 
is lower than the critical value. 

However, the core material becomes too big when complete suppression of ripple current is required, the 
critical current is generally designed to be 1/7~1/10 of the rated output current, in practice. 


This can be expressed by the following; 
i (3.5 ~ 5) - (Vs — Vout) Vout | 
7 lout VS 
where, Vs,  :Voltage applied to the choke coil (V) 
Vout :Load output voltage of the choke coil (V) (Output voltage of the power supply) 
lout ‘Rated output current (A) 
This value can be obtained by inserting the constants in this design, as follows; 


3.5~ 5): (12 — 
L> (3.5 ~5) - (12 —5) > 96. 1076 =26 ~ 36 (uH) (5) 


10 12 
Since Vs =" Vin. Vin = 150V (max), Vs = SB x 18012 (V) 


Determination of core material and windings 

An El core or cut core may sometimes be employed as a core material. 

However, TM dust core T14-60 (made by TOHOKU METAL CO) is employed here, since this troidal core 
features an extellent DC superimposing characteristic. For details, refer to data on TM dust core. 

The number of turns can be obtained by substituing a required inductance value (L=354H) into the following 
equation, taking into consideration that the permeability of core is reduced by about 30% when a DC 


superimposing current flows. 


Ly 35... 1076 
Nev 10° = / 0.7 . 406 = 26 (turns) 


are 
ee 75-1078 
where, Ln : Inductance value after n-turns (H) 
L1000 = :Inductance value peculiar to the core per 1,000 turns (H) 


L1000=75MH in case of T14-60 

Since it is very difficult to wind a single conductor of about 2mm¢@, eight 0.7mm¢ copper wires are bundled 
as a winding conductor. 
iv) Driver 

The driver circuit amplifies the current signals coming from the control block by a PNP transistor and drives 
the pulse transformer which also serves as an insulator so as to feed the base current of the final-stage ‘transistor. 

In order to accelerate tf of the final-stage transistor, —Ig2 is obtained by utilizing the flyback caused by the 
exciting current of the pulse transformer. 
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Fig. 19 shows this driver circuit extracted from Fig. 17. 







Vcc GND: Cg 


uPC1042C 


Auxiliary power supply input 
+12V/80mMA 


Fig.19 DRIVE CIRCUIT 


In this figure, Q1 is the final-stage transistor, and a collector current of about 1A (peak) flows at the rated 
load. 

Accordingly, |p=140mA, if the drive ratio (1c/Ip) is assumed to be 7 while taking a due allowance from 
hee of Q] at 1A. It is also recommended to maximize the winding ratio of the pulse transformer employed from 


the viewpoints of current amplification for improving efficiency. 
However, since about 2~3V is required as a drive voltage, a suitable ratio may be about 1:4, 


Tne valve of the resistance Rg to determine IB from the above conditions can be obtained as follows; 


Vs-V 1 
Rg =—2——BEQ! (9), vg = —- Vp (V), Vp = Voc — VeEa4 — VCE(SaT) (V) 
IpB+IRE 4 
where, VBEQyx ‘Saturation voltage between base and emitter of Qy (V) 
IB :Base eutrens to be fed to Q (A) VBEQI 08. 
IR6 :Consumption current of Rg (A) IR6= Re. = 51 16mA 


VCE(sat) :Saturation voltage of IC's output transistor 


10.7 . 2.7 —0.8 
Thus, Vp=12—0.7—0.6510.7 (V), Vs = ee =2.7(V), VBEQ1 =0.8V, Rg= 


IB=140 (mA), IRE=16MA 
Resistor R6 is required for assuring the breakdown voltage (VCER) when Q1 is turned off and also cancelling 


Aa Ae ae 12 (Q) 
140-107" +16:°10 


the exciting current of the pulse transformer. No particular problem will arise when this resistor is 20~100Q. 
(In this design, this value is 5182). Diode DjQ is also required for obtaining —!pB9. 
Design of the pulse transformer 
When the pulse transformer also serves as an insulator between the primary and the secondary, the insulation. 
between the windings must be taken care of. It is not necessary to use a large core material, but HRAEE12 
(made by TDK) or the like is suitable. 
However, since the flyback energy is positively employed during OFF time, a core gap must be provided. 
Observe the following procedures when obtaining the number of turns of the winding. 
The following three requirements must be satisfied, but this value is practically obtained by cut and try method. 
(a) Obtain a necessary inductance value from the exciting current allowable to the primary winding. 
(b) Decide the number of turns of winding and the gap size required for obtaining the inductance calculated 
from (a). Check the core for saturation under the above conditions. 
(c) Check allowable current density. 
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VP 10.7 


In the present design, Lp 2—— - 7 =——+— - 20- 107° = 4.3 (mH) 
IPK 50-107? 
where, IPK :Exciting current by primary inductance (A) 
T :ON time of pulse transformer 


IPK=50mA, T=20us, and Vp=10.7V 
Obtain Np gap t to realize Lp 24.3mH, 
Np =70 turns, t=10um Ng=%-Np=18 turns 

Transistor employed: 

Since an about 100mA current including the exciting current flows to the primary of the pulse transformer, 
2SA883 is employed in this design. 
v) Control block 

Fig. 20 indicates the control block circuit 


Auxiliary Powe supply input (+12V) 





losense(+) 





lout Vosense 


Fig.20 CONTROL CIRCUIT DIAGRAM 


The control block can easily be composed by externally connecting the resistor and capacitor for determin- 
ing the oscillator tirning as well as those required in the vicinity of the error amplifiers and dead-time adjusting 
circuit, by using uPC1042C as shown in the right figure. 

The method of obtaining the value of external components required for each block of IC will be described. 
(a) Timing constant 

The triangular wave frequency must be twice (40kHz) the operating frequency of the switching regulator 
(20kHz). 

Accordingly, the capacitor and resistor externally connected for obtaining the timing constant can be 
obtained from the fogc—RT, CT characteristic in Fig. 21. 

RT=20kQ (R21) 
CT=1000pF (C789) 
(b) Error amplifier 

The following three items must be carefully noted for determining the external components of the error 

amplifiers. 


* Problem of common mode input voltage range due to a single power supply operation 


* 


Setting of the loop gain according to the output voltage and current of the power supply 


* 


Values of phase compensating capacitors (frequency response adjustment) 
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fosc, — Oscillator Frequency - Hz 





Rt — Timing Resistor — kQ 
Fig.21  fosc, - RT, CT CHARACTERISTIC 
R13 


In this design, the loop gain of the error amplifier | is set to Gy "Ba fiPio = 200 times. On the other 
R16 


R17// (Rig + VRQ) 
ing resistor Rq is as low as 2mQ and a high gain is required for assuring a constant current drooping characteristic. 


hand, the loop gain of the error amplifier || is set to Go = + 1000 times, since current detect- 


Four phase compensating ‘capacitors C12~C15 are required so as to adjust the frequency response of these error 
amplifiers and keep the power supply stable. The constants are determined in the adjusting stage of the equip- 
ment. However, they may be unavoidably determined by the cut and try method to a certain extent. 
(3) Operating waveforms 

Fig. 22 shows the operating waveforms at each part at the rated conditions of the switching regulator manu- 
factured on trial this time. As is understood from the collector current and voltage waveforms, the leakage in- 
ductance of the transformer is considerably high, so that the reverse voltage is applied between C-E during a 
certain period at full load. Thus, D5 and Dg are inserted for protection. The voltage applied between C and E 
is about 280V with AC 100V and the rated load. So the transistors have enough margin even when taking an in- 
put fluctuation of +10% into consideration. 
(4) Various characteristics 


Table 6 and Fig. 23 show output voltage regulation, ripple voltage, efficiency and other characteristics. 


TABLE 6 PERFORMANCE OF SWITCHING REGULATOR MANUFACTURED ON TRIAL 


Conditions Measured values 


Line regulation Vin=90~110V 4.3mV (0.086%) 
AVout(4Vout/Vout) (AVin/Vin=+10%) 

Vout=5V loyut=10A 
Load regulation lout=2.5~10A 6.0mV (0.12%) 
DN SOV ouiVeut (UZ full load) 

Vin=100V Vout=5V 














Output ripple voltage Vin=100V 20M Vp-p 
Vripple Vout=5V lout=10A 
Efficiency Vin=100V 78.5% 
n Vout=)V lout=10A 
Outline dimension 80(W) X 205(D) 
x 135(H) mm? 
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Fig. 24 shows the drooping characteristic of the output when the operating point setting control registor 
variable VR of the overcurrent protection circuit is adjusted to 110% of the rated value. 


80 
= 
\ 
xe _ 
| 75+ & 
[o} 
a | 
2 3 Pin(vjn=100V) 
S Jo 
oT < 
« 70p | 
a Conditions 


Vjn=9O~ 1 10V(AC50Hz) 
Vout=5V 





e) 2 4 6 8 10 
lout — Output Current —A 


Fig. 23 EFFICIENCY-OUTPUT CURRENT CHARACTERISTIC 




















Vout — Output Voltage — V 























0 2 4 6 8 10 
lout — Output Current —A 


Fig. 24 OUTPUT VOLTAGE, CURRENT CHARACTERISTIC 
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OvL 

















VCE 
100V/DIV 


130V 
lin 
1A/DIV 





Primary input ripple voltage Sms/DIV 
® 


Vidipple DC5V, 104 


VDR 
5V/DIV 





losense losense 


(-) (+) 







Ip 


200mA/DIV 
Output ripple voltage waveform 


(Vrippte) 







Q1, Q2 base drive voltage, current waveforms 
(non-modurated) 





12V/80mA 
le (Auriliary power supply input) Control IC output voltage waveforms 
ete waveform at pin 10 ) 
amplifi tput voltage at pin 3 

100mA/DIV moplifier output voltage at pi 

ID 
50mA/DIV 

. (Note) The time axis (abscissa) of these waveform photos 
Palse transformer T3 input voltage, current waveforms @®@ is all 10ys/DIV unless otherwise noticed. 


(non-modurated) 


Fig. 22 OPERATING WAVEFORMS AT EACH PART OF THE SWITCHING REGULATOR 
MANUFACTURED ON TRIAL 


5. COUNTERMEASURES AGAINST FAULTS OF SWITCHING REGULATOR 

When a switching regulator was newly designed, manufactured, and adjusted according to the circuit diagram, 
frequent abnormal symptoms caused the breakage of switching transistor in most cases. In such a case, it is pre- 
sumed that very high stress is added to the switching transistor as compared with the steady-state condition, 
and it may unfavorably affect the reliability of the switching transistor, even if the switching transistor has not 
been broken. Accordingly, it is necessary not to apply an overload to the transistor under any operating condi- 
tion, and during a transient time, in particular, from the system points of view. However, this problem often 
depends upon the design of the control circuit. Now, examples of troubles and their countermeasures will be 
described below. 
(1) Polarized magnetic phenomenon in push-pull system and its countermeasure 

If transistors Qy and Q2g composing the high-frequency inverter are unbalanced, the collector current be- 
comes unbalanced as shown in Fig. 25. In this case, if the unbalance is not so noticeable, only a difference of 
DC superimposing current is detected as shown in Fig. (a). However, if the unbalance becomes noticeable, the 
collector current waveform is largely deformed due to the saturation of the transformer as shown in Fig. (b). 

When considering this phenomenon from the viewpoints of the transformer, the saturation phenomenon 
of the core may be produced on one side of the hysteresis loop because the polarized magnetic current due to 
the unbalance exceeds the DC current superimposing characteristic of the transformer as shown in Fig. 26. 

If the switching regulator continues to operate under this condition, the flyback energy applied to the tran- 
sistor increases at the moment the collector current is turned off, causing the transistor to be broken due to 
over VCEX(SUS), Or causing the thermal runaway produced by the deflection of the switching loss. This 
polarized magnetic phenomenon may basically be caused by the following three factors. 


(a) 


lin 






, - 


1A/DIV 


(b) 
lin 


t 


TA/DIV 


Hor. : 10us/DIV 


Fig.25 COLLECTOR CURRENT WAVEFORM WHEN UNBALANCED 







Saturation phenomenon appears 


B-H curve when unbalanced 


B-H curve of ferrite core 


Fig.26 HYSTERESIS LOOPS OF CORE WHEN UNBALANCED 
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(a) Cause due to transformer design 

The number of turns of the transformer windings is wrong, the core gap is small, or the DC superimposing 
characteristic is to O small. 

(bo) Cause due to a difference of the ON-time of the transistors driving the transformer 

The storage time tstg of the transistor is largely different with each other, or the pulse widths of the output 
signals of the alternately operating control circuits differ from each other due to a circuit lag, etc. under the 
steady-state condition. 

(c) Cause due to the frequency response of the error amplifiers employed in the control circuit 

This is caused by an inappropriate values of the phase compensating capacitors which are externally con- 
nected to the error amplifiers for the purpose of detecting the output voltage or current and amplifying the 
fluctuation component to modulate the pulse width control circuit. 

Since the frequency response of the error amplifier gain is flat up to higher frequency, and the closed loop 
gain of the power supply is positive at a frequency which is half the triangular oscillating output frequency, 
this frequency component is superimposed onto the error amplifier output. Accordingly, the gain at higher 
frequency must be lowered by increasing the values of the phase compensating capacitors for the purpose of 
avoiding the above phenomenon. (See Fig. 27) 


triangular wave form error amp. output 
wave form 





Control IC 
output voltage 
wave forms 


Fig.27 POLARISED MAGNETIC PHENOHENON DUE TO 
INSUFFICIENT PHASE COMPENSATION 


(2) Intermittent operation of transistor when the overcurrent protection circuit is in operation 

This phenomenon is caused by the constant current drooping characteristic provided for protecting the 
transistors against an overload. Since the output current detecting resistor has a very low resistance value (2MQ in 
the present design) as shown in the circuit diagram in Fig. 17, the error amplifier I is operated with a high gain. 
Accordingly, the intermittent operation may be produced as shown in Fig. 28, unless a phase compensating 
capacitors having a considerably large value is connected. In this case, the peak collector current of more than 
two times may flow due to the intermittent operation duty. 

Particularly to assure the drooping characteristic, the transistor is operated at a very low duty as shown in 
Fig. 29, so that the transistor operation is apt to be affected by an AC component superimposed into the error 
amplifier output. It is, therefore, necessary to considerably reduce the gain of error amplifier || at higher fre- 
quency, as compared with error amplifier |. 

However, if a phase compensating capacitor having a large value is employed for reducing the high frequency 
gain, the slew rate is lowered, and no protection is activated momentarily against an abrupt load short-circuit 
such as dead shortage of output terminals, etc. Accordingly, this problem must be considered while taking SOA 
of the transistor into due consideration, concurrently. 
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error amp. output 
triangular wave form voltage wave form 
Control! IC output 


voltage wave forms 
4v- 






Trans. Q1, Qo 
collector currents 


lin 


A 


01 | 


0.5ms/DIV 


Fig.28 INTERMITTENT OPERATION OF TRANSISTOR 


error amp. output 
triangular wave form voltage wave form 


Control IC output 
voltage wave form, Inn KAA 
\ a ae SG AX 





N 
2. = 


Trans. Q1, Q9 - 
collector currents condition 
F Vin =130V DC C44=0.068xF 
es lout=11.34 C15=4700pF 
1A/DIV Vout=0.38V 





10us/DIV 


Fig.29 COLLECTOR CURRENT WAVEFORM IN CONSTANT CURRENT DROOPING 


(Normal condition) 


(3) Damped oscillation of output voltage in step variation of load 

One of the measures of preventing the polarized magnetic phenomenon of the transformer, the capacitors 
externally connected to error amplifiers must have higher values. However, if these values are too high, the output 
voltage oscillates when the load fluctuates. Fig. 30 indicates the transient response of the output voltage when the 
load of the switching regulator manufactured on trial was switched stepwise from 1/4 to 1/1 of the rated value. 


) OSCILLATING OUTPUT 


ae - » WIT 
- ATIN UTPU 
W777 b) NON-OSCILLATING O T 
error amp. power supply 
output voltage output voltage 
wave form wave form 5V— 
AVO 
(50mV/DIV) 
ets i 





0.1ms/DIV 


power supply 5y- 
output voltage 
waveform 
AVO 

(50mV/DIV) 


( condition 
| Ci2= 470pF , C13=680pF | 





0.2ms/DIV 


Fig.30 RESPONSE OF OUTPUT VOLTAGE AGAINST 
STEP VARIATION OF LOAD 


condition | 
(C49=1500pF, C13=4700pF |} 
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Figure (a) indicates the transient response when the value of the external capacitor of error amplifier | was 
increased. It shows the damping oscillation of the output response at a time constant of about 1.5ms. 

On the other hand, figure (b) indicates the output response waveform in case of non-oscillation for a com- 
parison purpose. 

In this case, the response time of the output voltage is about 200us, and the response is made 8 cycles after 
the control signal appears. The transient response characteristic becomes oscillating, if the values of the phase 
compensating capacitors are too high, or the high frequency gain of error amplifier ! is low. In addition, the 
transient response characteristic is affected by the DC gain concurrently. 

The oscillation can be reduced by decreasing the DC gain in such a case. These oscillations may be caused 
by such a fact that the filter has a resonant frequency at fo point (fo = in case of this proto-type design). 


Accordingly, the phase compensating method has recently been designed to reduce the gain at only fo and the 
neighborhood. 


6 CONCLUSION 

When designing switching regulator using “wPC1042C, many new knowhows are required. This technical 
data sheet covers the details of IC itself and the details of applications in push-pull circuit, as an example. A 
bridge, single-transistor or, chopper circuit has respective particular problems. However, they can be basically 
designed based on this data sheet. uPC1042C is also applicable to multiple inverter, PWM amplifier and other 
different application, and not limited to a switching regulator. The selection of parts described in these proto 
type circuits is not intended for mass production design by taking deviations and temperature characteristic into 
consideration. 

NEC cannot assume any responsibility for any circuits shown or represent that they are free from patent 
infringement. 

NEC reserves the right to make changes at any time without notice in order to improve design and supply 
the best product possible. 
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NEC APPLICATION NOTE 





COMPARISON OF GaP RED LED TO GaAsP RED LED 





As the compactness of sets and low energy consumption are promoted, demands for LED's of higher bright- 
ness in lower current are increasing. In this document, the characteristics of new red LED made recently by NEC 
using GaP crystal is described,as contrasted to our conventional red LED made of GaAspP crystal. (the data here 
after referred to arebased on NEC’s products only.) 


1. CRYSTAL STRUCTURE 


1-1 Difference in Light Emission Mechanism 

The light emission mechanism in GaP LED is different from that of GaAsP LED. 

Fig. 1 shows the energy band structures of GaAsj-.Px. Ordinary GaAsP LED is made of crystal with x, 
composition ratio, at about 0.4, where the bottom of the conduction band is located at the same wave num- 
ber as the top of the valence band and direct transitions will take place. Namely, the electrons in the conduc- 
tion band and holes in the valence band are directly recombined to emit light. 

On the other hand, in GaP LED having an energy band structure with composition ratio of unity, the posi- 
tions of the bottom of the conduction band and the top of the valence band are not at all the same. That is, 
transitions must be indirect and the electrons in the conduction band cannot be directly recombined with the 
holes in the valence band. In order to make GaP red LED light-emitting, zinc (Zn) and exygen (O) are doped 
to form Zn-O complexes in the crystal as the light emitting centers. 

Since light is emitted via light emitting centers, the energy of light emitted from GaP LED is smaller than 
the band gap and the light can go out without being absorbed by the crystal, whereas the energy of light 
from GaAsP LED is almost the same as the band gap and it is difficult for the light to go out because of ab- 
sorption in the crystal. 


Band Bottom for 


fe— Band Bottom for Indirect Transition 


Direct Transition 


Energy (eV) 


Conduction Band 


Energy Band Structure of 
GaAsy.,Px 
(300K) 


ua Valence Band 
K 


fe) 





Momentum (Wave Number) 


Fig. 1 
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2. STRUCTURES AND FEATUR ES OF CHIPS 
Fig. 2 shows the chip structures of GaAsP LED and GaP LED. Their features are summarized in Table 1. 


2-1. Crystal and PN Junction 

GaAsP crystal is formed on N-type (100) GaAs substrate by means of epitaxial growth. The epitaxial 
layer is made up of a graded composition region grown with gradually increasing composition ratio x of 
GaAsj-xPx and a uniform composition region with x at about 0.4. Tellurium (Te) is doped in the epitaxial 
layer to make it N-type. 

Next, zinc is diffused to form PN junctions with silicon nitride (Si, N, ) film as the mask. 

On the other hand, to prepare GaP red LED,an N-type epitaxial layer doped with tellurium (Te)or sul- 
phur (S) is grown on N-type (111) GaP substrate by means of liquid phase growth and a P-type epitaxial 
layer doped with zinc (Zn) and oxygen (QO) is grown in a similar way. That is, the PN-junction is formed by 
liquid phase growth. 

GaAsP LED has its PN-junction as shallow as 2 to 5 um deep from the surface because, as described before 
with energy band diagram, the light absorption in the crystal is much. However, the PN-junction of GaP LED 
is formed under the P-type epitaxial layer 20 to 40 wm thick. Furthermore, while the PN-junction of GaAsP 
LED is planar because it is formed by diffusion with a mask made of silicon nitride, the PN-junction of GaP 
LED is exposed on the side face of chip and it serves for an effective light emission. 

P-type Diffused Layer Aluminum Electrode 


Aluminum Electrode PN-junction 














PN-junction Silicon Nitride Film 


P* Diffused Layer 
—— P.type GaP Epitaxial Layer (Zn, O) 


GaAsI-xPx 
Layer 


=+— Constant N-Type 
<— N-type GaP Epitaxial Layer (Te or S) 


—— Graded x 


-— GaP Substrate (N-type) 
~— GaAs Substrate (N-type) 


Gold Alloy Electrode (Whole Area) Gold Alloy Electrode (80 um@¢ at 150 zm Pitch) 


(a) GaAsP Chip Structure (b) GaP Chip Structure 
Fig. 2 


GaAsP LED GaP LED 
Crystal Surface Orientation (100) (111) 


PN-junction Fabrication Process Diffusion Liquid Phase Epitaxial 
Whole Area 


20~40 um 


Gold Alloy 
Bottom Side Electrode Configu- 


Band Gap ~1.9 eV 2.2 eV 

Type of Band Structure 
Peak Emission Wavelength 660 nm 
Spectral Line Half Width 
Ex ams 

fa a 


Table 1 





























PN-junction Structure Planar 





Depth of PN-junction 3~u5 um 
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2-2. Electrodes 


Top side electrode, on which wire bonding is done, is made of aluminum, for both of GaAsP and GaP 
LED's. 

Bottom side electrode for GaAsP LED is made of gold alloy and it covers whole bottom area. However, 
for GaP LED, the gold alloy is applied in circular dot electrodes with 80 xm diameter at 150 um pitch. This 
configuration serves to take out light emission effectively whichis otherwise reflected by the bottom surface 
because of low absorption inside the crystal. 


2-3. Pellet Shape 


The wafers for GaAsP LED, oriented to (100) direction, can be cut into chips by scribing with a diamond 
point in the direction of cleavage-Plane. The chip is as thin as about 150 ym for the ease of scribing. 

However wafers for GaP LED, oriented to (111) direction, cannot be cut into rectangles because the direc- 
tion of cleavage-plane makes angle of 60°. For this reason GaP chips are fabricated by dicing with a thin dia- 
mond wheel. Since internal absorption of light is less in GaP and the dicing does not require thinness of 
chips, the chips are 200 xm or more in thickness. 


DIFFERENCES IN CHARACTERISTICS 


1. Electrical Characteristics 


GaAsP LED and GaP LED are different from each other in built in voltage of the forward voltage due to 
the difference in energy band gaps. Electrical characteristics of the both LED’s are not described here since 
they are referred to later. 


3-2. Light Emission Characteristics 


4. 


For GaAsP LED, the luminosity of light emission increases nearly proportionally to the increase of for- 
ward current. Fowever, for GaP LED, the luminosity begins to saturate at a fairly low forward current (about 
5 A/cm?). This is caused by the low concentration (10!&cm*) of Zn-O complex as light emission center 
and, hence, by the saturation of electrons captured by the center in spite of increase of the current. 

Wave length spectral distribution of light emitted by GaAsP LED shows the peak value at about 660 nm 
with a half width of bout 35 nm, almost monochromatic. The distribution of light emitted by GaPLED has 
its peak at about 700 nm and it has a half width as broad as 100 nm. If corrected to human eye’s response, 
hue of the LED is seen soft at about 630 nm. 


ABSOLUTE MAXIMUM RATINGS 


RATING 








Power dissipation 








Forward Current 





Reverse Voltage 





Junction Temperature 


Storage Temperature 











5. ELECTRICAL CHARACTERISTICS 
(1) SR503D, C, W 


ITEM SYMBOL | MIN. P. 
Forward Current VE : 


Reverse Current IR 
Terminal Capacitance Ct 


Peak Emission Wavelength 
Spectral Line Half Width Ar 
verre Loe 


Luminous Intensity ly 





CONDITION 
IF =10mA 


























V =0,f = 1.0 MHz 
nm IF = 10mA 
nm IF =10mA 

| 
mcd IF = 10 mA (SR503D, 503W) 
1— = 10 mA (SR503C) 



























Luminous Intensity 





(2) SR103D, C,W 
ITEM CONDITION 
le =30mA 
yA VR=3.0V 
pF V =0,f = 1.0 MHz 


nm IF =30mA 




















Forward Current 
















Reverse Current 
















Terminal Capacitance 













Peak Emission Wavelength | Xpeak 
Spectral Line Half Width Ad 






nm lp = 30 mA 
l—F = 30mA 
*\ly1 denotes luminous intensity of SR103D and SR103W, and !v2 does luminous intensity of SR103C. 














* Luminous Intensity 


(3) SR505D, C, W 
ITEM SYMBOL | MIN. | TYP. |MAX. | UNIT CONDITION 
Forward Current VE ; IF =10mA 








Reverse Current IR VR=45V 
Terminal Capacitance Ct V =0, f = 1.0 MHz 








Peak Emission Wavelength Apeak lIF=10mA 

Spectral Line Half Width IF =10mA 

Luminous Intensity : IF = 10 mA (SR505D, 505W) 
Luminous Intensity IF = 10 mA (SR505C) 




















(4) SR105D, C,W 


ITEM SYMBOL | MIN. | TYP. |MAX. [UNIT | - CONDITION 
Forward Current VE | | 16 | 1.95 Vv IF =20mA 


























Spectral Line Half Width Ar 
Luminous Intensity ly 


IF = 20 mA 
IF =20mA 














Reverse Current IR 0.01 50 VR=3.0V = 
Terminal Capacitance Cy 50 V =0,f = 1.0 MHz 
Peak Emission Wavelength | Xpeak 660 
i 35 
4 








6. VF DATA 
{1) Fig. 3 shows Vf data for randomly chosen samples of SR503D, SR1038D, SR503C and SR103C. (The 
samples are called here after Samples A, B, C and D, respectively.) 
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Fig. 3 l= — Ve Characteristic 


(2) When GaP red LED's such as SR503D and SR503C are substituted to a circuit which has been using 
GaAsP red LED’s like SR103D and SR103C, the correspondence of IF due to difference of VF as shown 
in Fig. 3 will be expressed by the curves in Fig. 4. 
These curves have been obtained from the measurements with a circuit shown in Fig. 5. Samples A, B, 
C, and D have been used for every combination of power supply voltage (Vcc) and protection resistance 
(R) as shown in Table 2. 
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Fig. 4 Comparison of | Between GaP and GaAsP LED’s 


R(Q) 
110, 220, 390, 910 
390, 430, 910 


Table 2 











Fig. 5 Circuit for Measurement 
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The results tell that, when a GaP LED is loaded to a lighting circuit with the same circuit constants as that 
for a GaAsP LED, IF is reduced by IF1-IFo/IF1# 7 %. 


NOTE: SR503D, C, or W is different from SR505D, C, or W respectively in package dimensions but the 
both are made of the same type of chip. The same thing is applied to SR103D, C, or W and SR105D, 
C, or W. Therefore, the samples of measurement has been carried out typically with SR503D and C, 
and, SR103D and C. The comparison of SR505 series and SR105 series leads to results that can be 


approximated by the above data. 


7. LUMINOUS INTENSITY (ly) 
Fig. 6 and 7 show ly-lF characteristics of Samples A, B, C, and D. 
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ig. 7 ly — Ie Characteristics 


Fig. 6 ly — I¢ Characteristics F 


As shown by the experimental data, the relationship ly « IF approximately holds for GaAsP LED. While for 
GaP LED, ly rises steeply in low current region (IF=3-10 mA) and begins to saturate in high current region (IF > 
10 mA). This is a major property of GaP LED, for which it is called low-current-emitting LED. This feature is 
critically empolyed to determine which driving circuit system should be used, static system (d.c. lighting) or dy- 
namic system (pulse lighting). Fig. 8 shows the Luminous Intensity characteristics of GaP LED's. The curves are 
drawn for GaP LED loaded in place of GaAsP LED and suffering from | reduction due to the difference in VF. 
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Fig. 8 Luminous Intensity of GaP LED loaded in Place of GaAsP LED 


8. SPACIAL DISTRIBUTION 


Figs. 9, 10, 11, and 12 show the spacial distributions of light emission of SR503D, C, W, SR103D, C, W, 
SR505D, C, W, and SR105D, C, W, respectively. 


Spacial Distribution 
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Fig. 9 Spacial Distribution Characteristics of Fig. 10 Spacial Distribution Characteristics of 
SR503D, C, and W SR103D, C, and W 
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Spacial Distribution 








Fig. 11 Spacial Distribution Characteristics of Fig. 12 Spacial Distribution Characteristics of 
SR505D, C and W SR105D, C and W 


The difference in spacial distributions of GaP and GaAsP are brought about by the difference in light emis- 
sion distributions in crystal and also by the changes in configuration. They are: 
(1) Light emission distribution in crystal 
(a) GaAsP: light emission on front face. 
(b) GaP: light emission on all surfaces. 
(2) Configuration changes 
(a) Structure change of lead frame 
(b) Chip height in resin mold. 


9. RELIABILITY 
The major difference in product reliabilities of GaAsP LED and GaP LED resides in their operating lifetimes 
that depend on their respective crystal structures. Anti-environmental characteristics of the both are the same. 
Fig. 13 shows the estimated operating lifetime curves of SR103D GaAsP LED and SR503D GaP LED. When 
the both are compared at the same current, the lifetime of GaAsP LED is better. However, when they are com- 
pared at current values for the same luminous intensity GaP LED is better in lifetime (SR103D at IF=30 mA offers 
nearly the same luminous intensity as SR503D at IF = 10 mA). 


Operating Lifetime of GaAsP LED (SR103 and SR 105 Series) 
and GaP LED (SR503 and SR505 Series) 
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10. PACKAGE DIMENSIONS 


SR503D, C and W SR103D, C and W 
Package Dimensions (in mm) Package Dimensions (in mm) 
Resin (Colored) Resin (Colored) 
SR503D Red diffused SR103D Red diffused 


48:03 
SR103C Clear 


SR103W White diffused 





SR503C Clear 
SR503W White diffused 





24 MIN 

















A @1.2MAX 





B ¢08MAX 


seems 


Pin Connection (Bottom View) 








1. Anode 
2. Cathode 





5640.3 





Dimensions show standard values unless specified otherwise. 


Pin Connection (Bottom View) SR505C, D, W, SR105D, C, and W 
1. Anode : . 
2. Cathode Package Dimensions (in mm) 


¢ 3.0t0.2 

Resin (Colored) 
SR105D Red diffused 
SR105C Clear 
SR105W White diffused 


Resin (Colored) 
SR505D_ Red diffused 
SR505C_ Clear 
SR505W White diffused 























Pin Connection 





1. Anode 
2. Cathode 
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11. OVERALL COMPARISON TABLE OF GaP and GaAsP 


SR503D, C, W S$R103D,C,W 
Item GaP | —————_ GaAsP | ———————_ Remarks 
SR505D, C, W $R105D,C,W 


Power dissipation 60 mW 100/80 mw GaP is supposed to be used 
at low current. 

Forward Current 30 mA 50/40 mA GaP is supposed to be used 
at low current. 

Reverse Voltage 5V 3V Ratings of GaP have been 
improved. 

Junction Temperature 100°C 80°C Ratings of GaP have been 
improved. 

Storage Temperature —40~+100 °C —30~+80 °C Ratings of GaP have been 
improved, 


Absolute Maximum Rating 


Forward Voltage 2V TYP. 1.5 V TYP. at tf = 10 mA. Energy gap 
of GaP is wide. 

Reverse Current 10 pA MAX. 50 wA MAX. 

Terminal Capacitance 100 pF TYP. 100 pF TYP. Ratings of GaP have been 
improved. 

Peak Emission Wavelength 695 nm TYP. 660 nm TYP. 

Spectral Line Half Width 100 nm TYP. 35 nm TYP. Spectral distribution of G- 
aP light emission is broad - 
der. 

Luminous Intensity 3~5 mcd TYP. 1~3 mcd TYP. External quantum efficien- 
cy of GaP is higher. 

Half Value Angle +£35~+25/+10~28° TYP. +20/410~+8° TYP. Because of improvements 
in lead frame and mold. 


ie 
2 
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@ 
~ 
8 
© 
£ 
Oo 
© 
2 
= 
- 
& 
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Lead Dimension 24 MIN./ 14mm MIN. 14mm MIN. 

Lead Circumscribing Diameter ¢ 0:8/¢ 0.8 mm ¢@ 1/¢ 0.8 mm 

Mold Resin Color Light Red Deep Red 

Parting Line Detouring Head Center/ Located at Center 
Located at Center 


Operating Lifetime About 210 Thousand Hours |About 280 Thousand Hours 
(at |= = 10 mA) (at l= = 10 mA) 
Anti-environmental Property Same as GaAsP LED —_— 


Finishing 





154 


NEC APPLICATION NOTE 





APPLICATION OF SESOS3A AND PHSO2 
TO REMOTE CONTROL SYSTEMS 





1. INTRODUCTION 

Remote control systems by light emitting diode have become common control mechanisms of TV receivers. 
Power ON/OFF, channel selection, volume control, etc. are performed by the remote control system emp- 
loying a combination of infrared LED and PIN photodiode. Remote-controlling of air-conditioners, audio 
equipment and electric fans has recently been started to be examined and some manufacturers have succeeded 
in its practical application. 

This is due to many advantages it has, such as easy miniaturization of transmitting and receiving equipment 
allowed by this type of system as compared with the conventional wire type remote control system and ultra- 
sonic remote control system, fast response speed (high speed pulse modulation is possible), limited mis-operation 
due to Doppler effect, limited effect on external equipment, easy operation, being free from giving trouble to 
animals, etc. , 

This application manual describes important characteristics to be considered when you design a remote control 
circuit using infrared LED SE303A and PIN photodiode PH302, which have been produced by NEC to be applied 
mainly to the remote control systems of this type, and simple remote control circuits using these characteristics 
are shown. 


2. CHARACTERISTICS OF SE303A AND PH302 

2.1 SE303A is an infrared LED of GaAs crystal material made by the liquid phase epitaxial growth, developed 
as mainly a TV remote control light emitting source and is characterized by the peak emission wave length Ap 
= 940 nm and a little degradation output. This SE303A features high output and wide directional angle 
required for the light source of TV remote control system. Table 1 shows absolute maximum ratings and 
electro-optical characteristics of SE303A. Fig. 1 shows the directional pattern of SE303A. The directional 
angle pattern shows how the light output power would become when it deviates from the optical axis to a 
certain degree if the light output power on the optical axis is assumed to be 1.0 Half-power angle, which 
is the angle at which the relative value of the light output becomes 0.5, is used for representing the extent 
of directional angle and the half-power angle of the SE303A is set at approx. 25 °C to 26 °C. 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


ITEM SYMBOL RATING UNIT 
Power Dissipation P 150 mW 
Forward Current IF 100 mA 
Pulse Forward Current IFp* 1.0 A 
Reverse Voltage VR 5 Vv 
Junction Temperature Tj 80 °c 
Storage Temperature Tstg —30 to +80 °c 
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ELECTRO-OPTICAL CHARACTERISTICS (Ta = 25°C) 


CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 
Forward Voltage Ve 1.27 1.45 Vv \f=50mA 
Pulse Forward Voltage VEp* 2.45 3.0 vo. IFp=1.0A 
Terminal Capacitance Ct 40 pF V=0, f=1.0 MHz 
Peak Emission Wave-length Npeak 940 nm IF=50 mA 
Spectral Half-power Value AA 60 nm IF=50mA 
Light Output Power Po 3.0 6 mw \F=50 mA 
Response Time ton, toff 1 MS 


* f=1 kHz, duty cycle = 1% 





Fig. 1 Light Output Power Distribution 


tn the remote control system of TV etc., a handy-type output control unit is generally used, and the power 
supply uses dry cells, giving supply voltage of approx. 4.5 to 9 V and 2 or 3 LEDs are used. In this case, if the 
forward voltage VF of infrared LED is high, required current cannot be flown. In the case of SE303A, when 
pulse forward current IFp = 1 A (PW = 350 ps), VF= 2.45 V TYP. thus giving ideal relationship with the supply 
voltage. 
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1.0 1.5 2.0 2.5 3.0 
Ve—Forward Voltage—V 


Fig. 2 Forward Current vs. Forward Voltage 


Referring to the above figure, if a single infrared LED is used and pulse forward current IFp = 300 mA is 
flown, 3 V power supply would suffice to drive the infrared LED. While, if three infrared LEDs are connected 
in series and pulse forward current I-p = 300 mA is flown, pulse forward voltage would become 5.4 V (1.8 V 
x 3.= 5.4 V) and required power supply would become 6 to 7.5 V when the voltage drop due to protective 
resistance is taken into account. 


2.2. PH302 is a silicon PIN photodiode developed primarily as a light sensor for TV remote control systems. 
This product has a convenient vertical contour to achieve optimum mounting, and has realized high quality 
and low price by all resin molded package. 

It features high-speed response and high sensitivity. The PIN construction is used to get high-speed 
response. While, wide area chip is used to get high sensitivity. In addition, owing to the adoption of resin mold 
having the filter characteristic that selectively transmits infrared light above 700 nm the peak value of the light 
sensitivity comes at 940 nm, and it is almost free from disturbance light such as fluorescent lamps and shows 
excellent noise-free characteristics. Accordingly, there is no need for providing an infrared filter to the light 
sensor. Table 2 shows PH302 absolute maximum ratings.and electrical characteristics. Fig. 3 shows the light 
sensitivity characteristics. 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 


ITEM SYMBOL RATING UNIT 
Reverse Voltage VR 32 Vv 
Power Dissipation PDH 150 mw 
Junction Temperature Tj 80 oe 
Storage Temperature Tstg —40 to +80 °c 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


CHARACTERISTIC CONDITIONS 


SYMBOL 
4 





Dark Current IR VR=10V 
4 





MAX. Sensitivity Wave-length Amax 





A=940 nm 
Sensitivity Ss x VR=5V 


Quantum Efficiency n 








Energetic Sensitivity Ss A=940 nm 


*Ev=100 Ix 





Open Voltage | 





Open Voltage 


*Ev=1 000 Ix 





Rise Time 





Fall Time 





Terminal Capacitance 
Light Sensitive Area 


Noise Equivalent Power Limit 


RL=1kQ, VR=0, A=940 nm 


R,=1k@, Va=5 V, A=940 nm 


Vad V, f=1 MHz 


4.2x10°"4 





Detection limit 








* Light source color temperature 2 854 K 
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Fig. 3 Spectral Sensitivity Characteristic 


3. SE303A-PH302 COMBINATION CHARACTERISTICS 

It is very difficult to estimate overall characteristics by making a system design based on individual charac- 
teristics when SE303A and PH302 are applied to remote control systems. Therefore, several important charac- 
teristics are given below to facilitate SE303A-PH302 combined designing. 


3.1 Relative Value of Light Output Power — Pulse Forward Current Characteristics 
Fig. 4 shows relative value of light output power — pulse forward current (IF Pp) characteristic when pulse 
width PW = 300 ys and duty cycle = 1/16. In the figure, light output power is represented by relative value of 
the light output when the light output Power at IF = 50 mA is taken as 1.0. 









(a = 300 a 
duty = 1/16 





Relative value of light output is shown when 
light output power at IF = 50 mA 
is taken as 1.0 (approx. 6 mW). 


Relative Value of Light Output Power 
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|p p—Pulse Forward Current—mA 


Fig. 4 SE303A Relative Value of Light Output — Pulse Forward Current 
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3.2 Photo Current — Pulse Forward Current Characteristic 
Fig. 5 shows {_—Ifp characteristic, where photocurrent I, is a current generated in PH302 when SE303A 
pulse forward current IFp is flown, in case SE303A is spaced 30 cm from PH302. Pulse conditions are PW = 
300 ys and duty ratio = 1/16. PH302 used here has a light sensitivity of 50 nA/Ix which is almost typical of 
PH302. As seen from the characteristic indicated by a broken line in Fig. 5, when the minimum light output 
power of SE303A Po = 3 mW (If = 50 mA) and SE303A is combined with PH302 having a typical light 
sensitivity, light current I_ becomes approx. 6 nA MIN. 
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Fig. 5 SE303A-PH302 I_—IFp Characteristic 


3.3. Photo Current — Distance Characteristic 
Radiation intensity of infrared-ray radiated from SE303A decreases in inverse proportion to the square of 
the distance between the elements of SE303A and PH302. Accordingly, if photo current generated at PH302 
when SE303A and PH302 are combined is |_, and distance between SE303A and PH302 is 7, 


iL 45 , 
Y 
therefore 
log I * —2 log y 


Fig. 6 shows an example of || ~y characteristic when SE303A and PH302 are combined and IF Pp is taken as 
a parameter. 
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Fig. 6 SE303A-PH302 I,_—y Characteristic 


4. DESIGNING A REMOTE CONTROL SYSTEM 

For designing a remote control system, how much photo current |, can be generated in PH302 is examined 
based on the target distance between the light emitting element and light receiving element taking advantage of 
SE303A-PH302 combined characteristics given in Section 3 and the drive condition (pulse forward current value) 
of light emitting element of SE303A, and from the result gain of the amplifier for amplifying photo current IL is 
determined. It is noteworthy that a circuit having a high gain in the first stage should be avoided since noise due 
to external light, etc. is also amplified. 

A block diagram is shown below. 


Setting of Examination of the Examination Examination 
target distance SE303A drive condition of I. of gain 








When circuit gain becomes excessively great in design.’ 


Fig. 7 Block Diagram 
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5. CIRCUIT EXAMPLES 
5.1 Examples of general remote control circuit 
Fig. 8 and 9 show the pulse driving circuit of the SE303A and the pulse receiving circuit of the PH302, 
respectively, as circuit examples of remote control system using the SE303A and the PH302. 


uPD 4069 uPD4029 = «PD 4069 uPC393C 2SB601 











a ao s+ — 
Astable multivibrator Hexadecimal counter Wave shaping Output stage 
D 1/1 d 
(Duty 1/16) and output current buffer LED “ON” 
SL 
250 a BS 
3.5 ms 


Fig. 8 SE303A Pulse Driving Circuit 


PH302 2SK163 pPC4559C uPC393C puPD4528C 2SD 560 


12V 





PH 302 as a light sensor AC amplifier (x 100) Comparator One-shot multivibrator Driver stage 
and J-FET amplifier unit 


Fig. 9 PH302 Pulse Receiving Circuit 


apa 





In Fig. 8, the astable multivibrator is composed of wPD4049C, the duty cycle of the SE303A is made 
1/16 by the hexadecimal counter, and uPC393C as the wave shaping and output current buffer drives 2SB601. 
Since saturation voltage between the collector and emitter of 2SB601 is approx. 1 V and forward voltage 
Ve of SE303A is approx. 2.5 V, IE p of approx. 800 to 900 mA flows. 

Referring to Fig. 9, light received at PH302 is converted to electric current, which is amplified to approx. 
10 times the original at 2SK163 and the current is further amplified by wPC4559C. Then, the One-shot 
multivibrator is driven through the comparator wPC393C. Subsequently, the last stage 2SD560 drives the 
load. The drive condition of the load in the last stage can be changed by narrowing the pulse interval of 
SE303A or changing the time constant of one-shot multivibrator. 

In this circuit a 1 000 pF capacitor is inserted between 2SK163 and wPC4559C to eliminate the influence 
of external light of around 50 Hz or 60 Hz. 


5.2 Examples of application to TV remote control! system 
Application to TV remote control system is currently most common. In the case of TV remote control, 
pulse modulation is performed for the channel selection, power ON/OFF, volume control, etc. Pulse 
modulation systems differ widely in manufacturers making the control unit. 
This application manual presents circuit examples employing NEC remote contro! transmitting/receiving 
IC, wPD1986C and yPD1987C in Fig. 10 and 11. For details, refer to catalogs of yPD1986C and wPD1987C. 


18-function transmitter circuit example Ceramic Oscillator Lnirared. LED 
SE303A x2 


100 pF CSB455A 100 pF +6 V 





L_ 
° 
ava 


uPD1986C 


Fig. 10 Example of Application of SE303A to TV: Remote Control System 
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POWER 
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43k2 = ON/OFF 
2S8D471 
Fig. 11 Exampte of Application of PH302 to TV Remote Control System 
6. CONCLUSION 


As previously mentioned, remote control systems employing light are in use mainly for TV, air-conditioner, 
audio equipment, etc. It is expected that the field of application will extend to opening/closing of a garage door 
from a car, remote control of vehicle including obstruction detection at the time of mobile backing, opening/ 
closing of door, remote control of toys, etc. In addition, applications to telephone set and coin detection in 
vending machine, VTR tape detection, etc., which have so far been impracticable due to limited distance available 
between the light emitting element and light receiving element, may be possible as a photointerrupter in 
combination of SES03A and PH302. It is desired that better remote control systems will be developed based 
on the information contained herein. 
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N FE ; APPLICATION NOTE 





MANUAL FOR THE MOUNTING OF LEDS AND 
PHOTOTRANSISTORS 





1. INTRODUCTION 


Differing from conventional tungsten lamps, LED lamps have the advantages of low power consumption, low 
heat generation, and long life. However, they require precautions in handling which are particular to semi- 
conductor products, and their handling differs from that of tungsten lamps. 

Furthermore, since importance is placed on the optical properties of LED lamps and phototransistors, they 
require the use of plastics which transmit light to the outside with good efficiency. Therefore, the handling of 
LED lamps and phototransistors differs from that of conventional transistors and diodes. The plastic employed 
in optosemiconductor devices, such as completely plastic moulded or metal stem plus plastic potting types, 
differs from the black moulding material used for ordinary plastic moulded transistor or ICs, and nearly pure 
transparent epoxy plastic is used alone or with the addition of a minute quantity of colouring or scattering 
material. For this reason, when compared with ordinary semiconductor devices, optosemiconductor devices are 
slightly inferior in resistance to heat and chemicals, and in strength against mechanical shock and wear. Therefore, 
special precautions should be taken when handling and mounting these devices. 

Adept mounting methods and general precautions for the handling of LED lamps are described below. It is 
desired that by referring to the description the occurrence of trouble can be prevented when mounting or 
working with LED lamps. 


2. ADEPT METHODS OF MOUNTING LED LAMPS. 


2.1 Fitting with the use of Panel Mounters. 

When mounting LEDs on various apparatus or equipment, panel mounters may be employed due to problems 
of decoration or space, or to improve contrast. 

NEC is producing 2 types of panel mounters to be supplied according to demands of customers. These 2 types 
are namely: one for use with TO-18 stem plus plastic potting type LEDs (Examples: SR101C, SR104D, SG204D, 
etc.), and one for use with completely plastic moulded type, large size, LEDs (Examples: SR503C, D.W. 
SG203DA, TA... , etc.) 

(1) Method of mounting SR101C type LED with a panel mounter. 
(Can be used commonly with SR101C, SR104D, SG204D, SY404D, and SY404T types) 

The external view of the panel mounter is shown in Fig. 1 (a), and a diagram of a SR101C type LED com- 
pletely mounted with a panel mounter is shown in Fig. 1 (b). A flow chart for the order of fitting is shown in 
Fig. 1 (c), the procedure of which shall be explained following. When mounting a SR101C lamp employing a 
panel mounter, first insert the LED into the ring tube a). When doing this, make sure that the tab (projection 
of flange) of the LED enters the slit of ring tube qd). Next, in order to secure the LED, the internal ring @Q) is 
inserted from the bottom. The internal ring @ should be pushed in until its projecting part enters the inside 
groove of the ring tube @. The whole construction is then inserted into the panel hole, and the panel mounter 
is secured to the panel with the external ring @Q). For mounting, a panel hole diameter of 8.0 mm@ is 
recommended, and a panel thickness of from 1.0 mm to 3.5 mm is suitable. 


Precautions to take when mounting. 

© Care should be taken, since if the panel hole is too large there will be excess room between the panel and the 
mounter, and the mounter may move. 

© The outer ring should be pushed in securely, since if the tightening of the outer ring is insufficient the whole 
mounter will be loose against the panel. 

© When it is desired to use an adhesive to secure the outer ring, a cyano acrylate or synthetic rubber type ad- 

hesive should be used. In the above case the use of excessive amount of adhesive should be avoided, since 

appearance will be spoiled if adhesive sticks to the panel surface or visible parts of the LED. 


(a) Outline of a Panel Mounter (b) Diagram of completely mounted 
for SR101C LED. SR101C LED and Panel Mounter. 
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Material: Soft EVATATE. (a kind of ethylene) 
Recommended hole diameter on the panel: @ 8.0 mm 
Usable panel thickness: 1.0 to 3.5 mm 
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Unit (mm) 
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Note) Typical unless otherwise specified. 


(c) Order of procedure. 





(Insert LED) 
@ (Insert the inner ring.) 
Peg Che SR101C ) (Insert into the panel.) 
Tab inserting ~~ SRIOIC Tab (Set in position with the outer ring.) 
inlet, ce (Complete.) 
Tab cc inner Panel. 
ring. Cc 
@ Panel. Cc O : 
nek te Yt @ uter ring. 
ring, 


CL] Outer ring. 


Fig. 1 Method of fitting SR101C type Panel Mounter. 


(2) Method of mounting SR503D type LED with a Panel Mounter. 
(Can be used commonly with SR503D, C, W, SG203DA, TA and SY403DA, TA types.) 

The external view of the panel mounter is shown in Fig. 2 (a), a diagram of SR503D type LED completely 
mounted with a panel mounter is shown in Fig. 2 (b), and the order of.the procedure for mounting is shown 
‘in Fig. 2 (c). Compared with the SR101C type panel mounter, the SR503D type is made of harder material 
and the inserting of the outer ring has a tighter fit. Furthermore, since the maximum diameter (7.0@) of the ring 
tube @ is larger than the dimension (6.4@) of the part contacting the panel, attention should be paid to. the 
panel hole diameter and to the observance of the exact procedure. 

To fit this mounter, first it is necessary to insert the ring clip ()into the panel hole as shown in Fig. 2 (c). For 
this, the recommended hole diameter on the panel is 6.7 mm@, and a panel thickness of 0.6 to 3.0 mm is suitable. 
Since the diameter of the panel hole inevitably becomes large and the excess room between the panel and 
mounter increases in Method-2, which consists of inserting the ring clip into the panel hole while it contains the 
LED, it is recommended that Method-1 be employed whenever possible. After the ring clip has been inserted 
into the panel, the LED is inserted into the ring clip until it is fixed securely against the groove inside the ring 
clip. Finally, the ring clip and panel are secured together with the ring (2). When doing this, the ring clip should 
be secured by hand or with a jig while the ring is pushed in. 





* 


Precautions to take when mounting. 


Oo The fit between the ring tube and ring is extremely tight, therefore, attention should be paid to the position 


Method-1 


and direction of the panel, the direction of the LED, etc. before final mounting. 


(a) Outline drawing of a Panel Mounter (b) Diagram of a completely mounted SR503D 
for SR503D type LED. LED and a Panel Mounter. 
@ ring clip @ ring 





SR503D leads 


Unit (mm) 


Material: Polypropylene plastic. 
Recommended hole diameter on the panel: ¢ 6.7 mm 
Usable panel thickness: 0.6 to 3.0 mm. 





Note) Typical unless otherwise specified. 


(c) Order of procedure. 
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Fig. 2 Method of fitting SR103D type Panel Mounter. 





2.2 Method of mounting on Printed Wiring Board (PWB). 


This method of mounting the LED directly on the PWB is the most popular mounting method. Here, 


recommended methods of mounting and precautions to be taken when mounting are described, in accordance 
with the shape of the LEDs. 
(1) Conditions of soldering work. 


Recommended conditions for soldering work, according to the shape of the LED, are shown in Table 1. 


1AR 


Table 1. Recommended conditions for Soldering Work according to shape of LEDs. 


Conditions for soldering work Recommended PWB conditions 








Shape 





Solder temperature | Working time| Place of soldering | Hole spacing | Hole diameter (mm) 








TO-18 type 5s or less 1.5 mm or more 
distance from 
(SR101C type) 3sorless | moulding base. 











4.8 @ type 5sorless | 5 mm or more 1.0 @: Can be inserted 
distance from at distance up to 
(SR503D type) 3sorless | moulding base. 3.5 mm from base. 

















3 @ type 5s or less 
0.8 @ 
(SR105D type) 3s or less 











Double ended type 5sorless | 3 mmor more 
distance from 
(SR106D type) 350r less | moulding base. 














Generally, no problems in mounting should occur when the work is performed according to the conditions 
of Table 1. And, the occurrence of such failures as drastic reduction of brightness, open and short circuits, and 
damage to the moulding can be prevented. However, due to restrictions of space or proximation of other com- 
ponents it may not be possible to always observe the recommended conditions. In such cases, the PWB should 
be designed so as to avoid applying stress to the lead wires and working procedures which prevent temperature 
rise of the LEDs shoutd be employed. 

When soldering or lead wire bending conditions are faulty, or when mechanical stress remains between the 
lead wires and a thermal stress is applied, the possibility of danger will be high for the occurrence of such failures 
as reduction of brightness, open and short circuits, and damage to the moulding. 

(2) Recommended mounting methods according to the shape. 

@ The case of TO-18 type LEDs. 

As shown in Fig. 3, in the case of TO-18 type LEDs, there are two methods of mounting, one in which the 

LED is mounted directly onto the PWB, and one in which stopper consisting of a bushing is used. 

When it is specially desired to raise the height of the moulded part, bushings for power transistors (for 
example: NEC’s B-17 and B-18 bushings) can be used. 


[ 


PWB of 1.8 mm or more 
thickness required. 











Name Dimension 
of bushing, | of part A. 


(a) Recommended method. __{b) Method using bushing. 


Fig. 3 Methods of mounting TO-18 type LEDs. 


(2) The case of 4.8 ¢ type completely moulded LEDs. 

The lead wires of the 4.8 @ type LEDs have steps in diameter at a distance of 3.5 mm from the moulding 
base, therefore, when the lead wires are inserted into 1.0 mm@ holes these steps act as stoppers, and soldering 
can be easily performed. 





3.5 mm 


+ 
\ PWB 


Fig. 4 Methods of mounting 4.8 ¢ type LEDs. 


(3) The case of 3 ¢ type completely moulded LEDs. 

Since the lead wires of 3 ¢ type LEDs have no step in diameter like the 4.8 @ type LEDs, an object to act 
as a stopper will be required to be inserted between the PWB and LED. One method is to employ bushings 
used for power transistors (For example, the B-18 bushing introduced before.). However, there is a simpler 
method in which the Jead wires are bent, the PWB turned over, and the LED positioned in an upside down 
position and then soldered in place. 


Bushing 
~ 


\ 


PWB 


(a) Bushing employed. (b) Bent lead wires employed. 


Fig. 5 Methods of mounting 3 ¢ type LEDs. 


@) The case of Double ended type LEDs and Phototransistors, 

Differing from self-supporting LEDs, in the case of double ended type LEDs there are two methods of 
mounting, One in which the lead wires are bent and inserted from the front of the PWB as shown in (a} and 
(b) of Fig. 6, and one in which the LED is mounted on the reverse side of the PWB. 

In the former method, the shifting of the optical axis should be kept as small as possible through 
positioning the LED by providing a hole in the PWB for inserting the plastic base of the LED. A precaution 
common to both methods (a) and (b) is that, inserting the LED forcibly into the hole or soldering while 
mechanical stress is applied should be absolutely avoided. Furthermore, since these type of devices are of 
ultrasmall size, the amount of plastic is small and the temperature of the plastic will rise rapidly when 
soldering. Therefore, it is recommended that, as far as possible when soldering, the lead wires be gripped with 
pliers or tweezers in order to dissipate heat as shown in the Fig. below. 


afin PP fal OEE 
© © x © | 


Soldering iron 








Tweezers 


| 
| PWB 
(a) Method of mounting by bending lead wires and (b) Method of mounting from 
inserting from the front surface. reverse side of PWB. 


Fig. 6 Methods of mounting Double-ended LEDs and Phototransistors. 


*1: Lead wires are inserted into PWB after forming. 
For forming a refer to (3) - @ 
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(3) Precautions for Mounting. 
© When mounting LEDs on a PWB having a different hole pitch. 
Great care should be exercised, since, when LEDs are forcibly inserted into PWBs having different hole 
pitches open circuits or reduction of brightness due to gaps forming between the pellets and plastics may 
occur. In such cases the method shown in Fig. 7 should be followed. 


Strain | Strain 
{ 


*92 *2 *2 
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(a) When the hole pitch is less than 2.54 mm (b) When the hole pitch is more than 2.54 mm. 


Fig. 7 Method of mounting when the hole pitch of the PWB is different. 


*2: Lead wires are inserted into the panel board after forming. For forming, refer to @). 


Q When bending the lead wires. 
When lead wires are to be formed according to Fig. 6 *1 or Fig. 7 *2, follow the method shown in Fig. 8. 

Recommended method of bending Lead Wires. 

a) In the case of a self-supporting LED, the lead near the base should be held with tweezers or pliers, in order 
to prevent any stress remaining in the plastic part. 

b) In the case of double-ended type LEDs, bend the lead wires at a distance 1.5 mm or more from the lead 
wire constriction or moulding base. 

c) In the case of phototransistors, bend the lead wires at a distance 1.5 mm or more from the moulding base, 
while gripping the lead near the base with tweezers or pliers, in order to prevent any stress remaining in 
the moulded part. 


: =a plier 
plier 
hand hand 
Ss \) | / 


hand hand 


B 
x O Xx © 


(a) The case of self-supporting LEDs. (b) The case of Double-ended type 
LEDs and Phototransistors. 


Fig. 8 Methods of bending LED Lead Wires. 


6) When alignment is performed after soldering. 

When a number of LEDs are mounted onto a single PWB, after soldering it may be necessary to correct 
the shifting in position of the heads of the LEDs. Before performing alignment of the heads of the LEDs, 
always leave the LEDs 5 to 10 minutes to cool after soldering, so that the LEDs can return to normal tem- 
perature. When correcting the position of the LEDs, since pushing the heads of the LED famps with the 
fingers or pushing the LEDs forcibly into the panel holes may cause internal open circuits, correction of 
the LED positions should be accomplished by grasping together with pliers the anode and cathode lead wires 
at the same time and bending the lead wires at the joint with the PWB. 





169 


2.3 Direct adhesion to the panel. 

When LEDs are to be fitted into such small equipment as pager receivers or hand microphones, due to 
restrictions of space it may not be posssible to mount the LEDs on the PWB. In such cases, it is recommended 
that panel mounters be used whenever possible and, as a rule, direct adhesion to the panel be avoided. When 
direct adhesion cannot be avoided, this should be performed while paying special attention to the following 
points. 

Methods of Mounting. 
Direct adhesion of 4.8 @ type LEDs and 3 ¢ type LEDs to the panel. 


instant adhesive 


ae wae Panel 


Fig. 9 Method of direct adhesion to the panel. 


An adhesive suitable for the panel material should be selected, and be coated on the LED neatly. As an 
example; an instant adhesive has been used to mount a SR503D LED ona SSB plastic case. 
Precautions. 


© Pushing the moulded part forcibly into the pane! hole should be avoided, since this may cause open circuits 
or degradation of brightness. 

© Use of excessive amounts of adhesive should be avoided, since it will make the surface of the plastic dirty, 
and also cause it to be deformed. 


3. PRECAUTIONS FOR HANDLING. 


In the aforementioned paragraph "2. Adept methods for the mounting of LED lamps.’’, several precautions 
for the mounting of LED lamps were noted. General precautions for the handling of LEDs and phototransistors 
shall be given here. 

(1) Resistance to chemicals. 

If such solvents as trichloroethylene or acetone come into contact with the surface of LEDs, the state of 
the surface may change, therefore, as a rule cleaning with solvents should be avoided. When cleaning with solvents 
has to be performed, solvents of comparatively weak reactive strength such as alcohol of freon should be used. 

(2) Resistance to wear. 

In order to maintain transparency, comparatively soft plastics are used for moulded products. Therefore, 
intentional rubbing with metal or the finger nails or the use of sand blasting should be avoided. No trouble will 
be caused by ordinary handling of LEDs with the fingers. 

(3) Resistance to heat. 

Care should be taken to avoid heating the plastic part reaching to the temperature of more than 100 °C, since 
this will cause discolouration of the plastic. 
(4) Mechanical stress between lead wires. 

It has been mentioned before that soldering while stress is applied between the lead wires, or the applying of 
such strains as tension, torsion, or compression between the lead wires while they are still hot from soldering, 
will be the cause of such breakdowns as open or short circuits inside the element. For reference, the results of 
tensile strength tests of lead wires under soldering conditions will be given in Table 2. 


[Reference Data] 


Tensile strength tests of lead wires. 
Testing method. 
© The case of 4.8 ¢ type and 3 ¢@ type LEDs. 
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soldering iron 








pull 


tension gauge 


(a) Tension in horizontal direction. 


soldering iron 


tension gauge 


pull 


(b) Tension in vertical direction. 


Fig. 10 Measurement diagram of tensile strength 
tests of self-supporting LEDs. 


© The case of Double-ended LEDs. 


soldering iron 





? tension gauge 
fixed ? 


pull 


Fig. 11 Measurement diagram of tensile strength 
tests of Double-ended type LEDs. 


@ Pulling in horizontal direction, at normal tempera- 
ture. 
Position of the lead wire pulled : 5 mm from base. 
Tension gauge: 2 kg fullscale 


@) Pulling in horizontal direction with soldering iron 
applied. 
Soldering iron temperature: 260 °C 
Position of heat application: about 5 mm from base. 
Duration of the tension application: Pulling starts 
5 seconds after soldering iron is applied. Solder-iron 
continues to apply. 


© Pulling in vertical direction, at normal temperature. 
(Same conditions as (1)) 


@ Pulling in vertical direction after soldering iron is 
applied. (Same conditions as ) 


oO) Pulling in horizontal direction, at normal tempera- 
ture. 
Tension gauge: 2 kg fullscale. 


@ Pulling in horizontal direction with soldering iron 
applied. 
Soldering iron temperature: 260 se 
Position of heat application: About 3 mm from the 
base. 
Duration of the tension application: Pulling starts 
5 seconds after soldering iron is applied. Soldering 
iron continues to apply. 


Table 2 Results of Tensile Strength Test of Lead Wires. 


esting method 


Horizontal direction (g) 


Vertical direction (g) ks 





(1) Normal 


(2) Heating with 


(1) Normal (2) Heating with 


SR503D 
{4.8 @ type) 


temperature soldering iron 


n=10 
n=10 x = 320g 
100 % OK up to 2 kg pe 

MIN. = 270g 





SR105D 
(3 @ type) 


SR106D 
(Double-ended 
type) 





n= 10 
x=150g 
MAX. = 2309 


n=10 
100 % OK up to 2 kg 


MIN. = 100 g © 


temperature 


n=10 
100 % OK up to 2 kg 


n=10 
100 % OK up to 2 kg 





soldering iron 


n= 10 
x=410g 
Ce 
MIN. = 310g 


n=10 
x=310g 
ee 
MIN. = 220g 











Note 

1. Due to the fullscale of the tension gauge being 2 kg, the normal temperature tensile tests (1) and @ of 4.8 @ 
type and 3 @ type LEDs, were conducted at a maximum load of 2 kg. 

2. In the tests ® and @), in which the soldering iron was applied, toosing of lead wires due to cracking and 
softening of the plastic was observed just before open circuits occurred. For some examples, pulling out of 
lead wires occurred when the load was further increased. 


4. EXAMPLES OF THE APPLICATION. (Use of plural LEDs) 


Recently, in addition to the use of a single LED as an indicating lamp, the cases have become more prevalent 
where plural LEDs are employed for such uses as the indication of automatic channel selection in television 
receivers, peak level meters and channel indications in tape decks and radio tuners, etc. LEDs in plurality are 
further used in a wide range of applications, including matrix and embossed indication of characters, and photo- 
interrupters which are combinations of light emitting and receiving. Here, examples of practical application and 
fields of future application of these uses shall be described. 

(1) Indication of electronic channel selection in television receivers. 

At present, 7 or 8 red LEDs of the SR503D type are used in the automatic channel selector of television 
receivers employing ICs. There are 2 ways of mounting these LEDs, one in which the heads of the LEDs protrude 
directly from the panel surface, and one in which indications are made through filters. In the former case, care is 
necessary when aligning the LEDs to the panel. When filters are employed, special filters having diamond cuts 
can be used in addition to purple filters (For example: Mitsubishi's Purple 373). Practical examples of these 
methods are shown in Fig. 12. 





pee Panel 
Solder es PWB 
\ see 
PWR staat (a—2) | 
(a) Method where LED heads are directly exposed on the panel surface. (b) Method employing filters. 


Fig. 12 Examples of automatic channel indication in television receivers. 


(2) Peak level and channel indication in tape recorders and decks, and stereo receivers. 

The above indications are accomplished in the same way as automatic channel indication, and several LEDs are 
arranged in a single row. In these types of indication, in nearly all cases the LED heads are made to protrude 
directly from the panel surface. Depending on the size of the equipment, either SR503D or SR105D type LEDs 
may be used. 

(3) Matrix indication. 

There are cases where about 500 high brightness LEDs are employed as the item panel of the light pen equip- 
ment of computers. The item panel is in the form of a matrix of about 20 x 25 LEDs, and employs a system 
_ in which one LED is normally designated and lit, and scanning is performed until the next LED is designated. 
The light pen has an optical fiber at the end of which a photo detector is mounted. Clear type LEDs of the 
S$R102 or SR503C type are used in them. 






PWB : 

Note) Soldering should be 

fu PEN Fane! performed with the 

er. LEDs aligned, Avoid 
applying stress to the 

LEDs when pulling 
N out the jig. 
PWB Alignment jig 
(a) Practical example (b) Method of mounting 


Fig. 13 Practical example of light pen equipment. 
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(4) Embossed indication of characters. 

In function indicating methods employing lamps, the state of the function is generally indicated by ON-OFF 
of the LED. However, in order to make the state of the function more clear, there is a method in which 
indication is made with lighted characters. Examples of this method are often seen in large equipment and control 
panels, with tungsten lamps being replaced by several LEDs or design lamps. When several LEDs are employed, 
particularly, the size of the characters, the distance between the LEDs and the character panels, the use of 
reflector panels, and the use of filters will present problems. Among NEC’s LEDs, the large size SR503D, or 
SR503C, or SR104D and SR101C of the TO-18 type should prove suitable. NEC is presently developing a flat 
surface type LED. 


NESS Precautions: 
\ sre Ns pene) In order to adjust the brightness of characters and make 


(with characters) 





the brightness of each character uniform, pay attention 
to the following points. 


(1) The size of the characters and the number of LEDs. 


(2) The distance between the character panels and 
the LEDs. 


(3) The use, of a reflector panel. 


Fig. 14 Practical example of lighted character 
displays and precautions for it. 


(5} Push-button indication of telephones. 

Cases are rapidly increasing where incandescent lamps are being replaced by LEDs for the channel indications 
of telephone set. Depending on the types of telephone set, 3, 4, or even 8 LEDs may be used. In order for these 
LEDs to function as flat surface lamps they are generally employed with multi-directional reflective filters (For 
example: Transparent filters with diamond cuts, or filters having uneven reflective surfaces, etc.). Bright LEDs 
of broad directivity are desirable, and among NEC products red SR104D, SR104DA, and SR503D LEDs are 
being used. 

In the future, in order to distinguish the kind of the line being used, green or amber LEDs will be considered. 


(6) Photo-interrupters. 

At present, photoelectric switches, consisting of pairs of LEDs and photo detectors, for use as the speed 
control of motors, printers, and rotating disc in various equipments can be seen everywhere. In Fig. 15, the 
structure of a typical photo-interrupter is shown, 


a When designing a photo-interrupter, if a slit as shown 
=a in Fig. 15 is used, it is necessary to pay attention to the 
| slit ALED shifting of the optical axis, and adjust the size and 

oD ; distance of the slit appropriately. In the case of NEC 

aie TeraunG else products, pairs of SR106C or SE302A and PH101 or 


PH102, photo detectors, have gained an excellent 
reputation on the market. 


| 
1 slit sensor 


mo 


—SY,_ Oo 


= 


Fig. 15 Structure of Photo-interrupter. 
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APPLICATION NOTE 


NEC 





APPLICATIONS OF PHOTOCOUPLERS 
PS2003B & PS2009B (Part 1) 





1. INTRODUCTION 

As electronic devices have rapidly come into wide use and become versatile, the utilization of photocouplers 
as isolators has been paid attention in recent years. Photocouplers are generally known for their practicality as 
interfaces in circuits with different potentials as a method, of noise suppression of transmission lines, and as 
interfaces between DC- and AC-lines, etc. In addition, by virtue of their technological innovation which has 
brought about improvement in characteristics and uniform quality, together with their cost reductions, photo- 
couplers as a matter of course have been in great demand not only in industrial applications but also in light 
industrial applications and consumer ones. In particular, with the popularization of micro computers, the 
applications of photocouplers have widely spread from home appliances such as airconditioners and microwave 
ovens, to vending machines, copying machines, and especially to TV sets and audio sets. 

Based on the electrical characteristics of the PS2003B, this data sheet provides a description of the application 
examples of photocouplers in consumer equipment, and the operating notices. We hope this will be of much 
help for your to comprehend the electrical characteristics of photocouplers, and starting wtih this data sheet, 
you would further consider many other electronic equipment. 


2. CHARACTERISTICS OF PHOTOCOUPLERS 
A photocoupler consists of a light emitter and a light sensor. With light as its medium, a photocoupler as an 
isolator is an optical coupler transmitting electrical signals, having the following function. 


Table 1. Comparison of Photocoupler, Lead Relay and Pulse Transformer. 


Photocoupler Read Relay Pulse Transformer 





Space merit A Xx 


Light weight & Ruggedness X 


Service life X (having contacts) 
Vibration & Shock X 
Chattering X 


Welding X 


Switching speed 
Frequency response 
On-resistance 
Electrostatic Capacitance 
Interface with IC 
Explosionproof Structure 
Magnetic effect 
Installation flexibility 


Overall reliability 


© (10 ps) 
A (DC~several 100 kHz) 


X (VCE (sat)) 
x 
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A (1 ms) 
O (DC~30 MHz) 
O 











1. Transmitting electrical signals in only one direction. 

2. Isolating input and output, and eliminating common-phase noise. 

The functions can be compared to those of read relays and pulse transformers, as shown in Table 1, with all 
their advantages and disadvantages going hand in hand, presently photocouplers and the other two are coexis- 
tent. Nevertheless, in the light of their merits, the applications of photocouplers are expected to expand 
further. 

The usage of photocouplers roughly falls under two catergories: the digital switching function, and the linear 
transmission of signals. Due to problems of non-linearity as well as long term variation of the current Transfer 
Ratio (CTR), the usage of photocouplers is overwhelmingly centered on the former. For the digital switching 
function, photocouplers are used for interfacing logic circuit and power circuit, used in photo chopper circuits, 
and substitutes for pulse transformers, etc. On the other hand, for the linear function, it is used for eliminating 
noise upon transmitting sound signal or other sensed signals, for interchanging ground points, etc. 


3. ELECTRICAL CHARACTERISTICS 

The PS2003B and the PS2009B are optically coupled isolator. containing a GaAs infrared LED and a Si- 
phototransistor. The PS2003B has a base terminal. The use of this base terminal makes possible the improvements 
in the switching speed, the transistor leakage current, and noise elimination for input signals, etc. (For handling 
the base terminal, referring to the Technical Note for Opto Electronic Applications LEP-501 ‘‘*PHOTOCOUPLER 
PS2001 CIRCUIT DESIGNING MANUAL") As for the PS2009B, because its base terminal is not exposed, 
it has no antenna effect to external noise, and therefore it is effectively strong against external noise. Following 
is a description of the characteristics of the PS2003B (same as the PS2009B), particularly the most essential ones 
among the electrical characteristics, namely the CTR (Current Transfer Ratio Ic/IF x 100 %), the noise- 
immunity, the switching speed, and the frequency response. 


3-1. CTR Characteristics. 

The CTR, a constant corresponding to the Current Amplification Factor (hFE) of transistor, is varied by input 
current IF, base resistance Rg, and ambient temperature Ta. Attention should be paid to the CTR characteristic 
upon designing, and in case of switching operation make sure that If is set in such a manner that the operation 
is always in over-drive state. 
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Fig. 4 An example of CT R—Ta characteristic. 
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Figure 1 shows CTR-IF characteristic. Figure 2 shows CTR-base resistance Rg characteristic. Figure 3 shows 
IC—IfF characteristic when varying Rp, And Figure 4 shows CTR-Ta characteristic. 


Figure 1 shows the dependence of CTR on If, CTR decreases when the current is low, and reaches maximum 
value when IF is approx. 20 to 50 mA. Listed in the catalog is the value of CTR when IF is set at 20 mA, 
therefore note that when the forward current !F— on the LED side is set at 10 to 5 mA, the absolute value of 
CTR becomes small. (CTR varies accordingly with forward current.) For example, assuming CTR is 1 at 1F=20 
mA, CTR is approx. 0.9 and 0.8 at |F=10 mA, 5 mA, respectively. As shown in Figure 2 CTR also decreases when 
base resistance Rp is inserted between emitter and base of transistor. The smaller is Rg, the smaller is CTR, 
assuming that CTR1 be the value of CTR at this time, and CTRo that of CTR in the open state, then CTR = 
CTRo (1—-VpBe/ICBL’RB), where hFE9 = hFE . In the open state, a part of the light sensor current IcBL— 
which flows between collector and base as an effect of light—will not become base current as a result of inserting 
of Rg, but will instead flow into Rp and become bias between emitter and -base of the transistor. Thus the base 
current of the transistor is reduced exactly by that amount. 


Figure 3 shows an example of Ic—IF characteristic with varied Rp inserted. It is evident that in order to 
obtain the same value of CTR, the smaller is Rg, the higher the current IF of LED is needed. That is when 
both Rg and IF are small, the collector current Ic will not flow, and CTR will remain almost at zero. In 
Figure 3, for example, at Rp = 100 kQ, IF = 5 mA, note that CTR is almost zero. Figure 4 shows the data of 
the dependence of CTR on temperature. It is an example of the variation of CTRs of two samples (samples D 
and E) whose ACTRs are high against temperature variation for a given lot, with If as a parameter. 


3-2. IcEo, ICER Characteristics. 
The collector current is rated at 200 nA MAX. in the catalog, however, at 25 °C, VceE = 10 V, its typical 


value are normally below 5 nA. Figure 5 shows ICEO and ICER characteristics versus ambient temperature Ta. 


100,000 


1,000 











Z| 
-20 O 20 40 60 80 
Ta — Ambient temperature — Xo 


IcER — Collector to emitter current — nA 


Fig. 5 An example of ICEQ, ICER characteristics. 


3-3 Noise-Ilmmunity Characteristic 

As an isolator, a photocoupler is used for insulating and eliminating common-phase noise between input and 
output. In case of DIP type plastic package such as the PS2003B, the input-output capacitance is approx. 0.8 pF. 
In general, this capacitance is almost of a negligible value, but at locations where high-frequency noise exists 
malfunction may occur. This is the result of the noise which is picked up by the base terminal functioning as 
an antenna. Therefore, it is recommended that the PS2009B, which has no base terminal, be used at noisy en- 
vironments. Figure 6(1) shows the common-phase noise characteristics of PS2003B and PS2009B; and Figure 
6(2) shows the measuring circuit. 
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(1) In-phase noise characteristic. : : 
P (2) Measuring circuit. 


Fig. 6 An example of common-phase noise characteristic. 


3-4 Switching Characteristics. 

When performing switching operation in digital mode, this characteristic becomes important. If the load 
resistance R, is increased, the switching times ton, toff generally become longer, and as the base resistance 
Rp is decreased ton and toff become shorter. Figures 8, 9 respectively show these characteristics. When RL > 
300 2, Rg < 300 kQ, ton and td decrease because the measured sample, under the measuring condition, is put 
into the saturation region. 


| 4 ° 

dhs 5V 

gas RL: variable 
tet fF, Rp: open 
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fl 
tofff EE ERE Ri: 6802 
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05 mee ee 
5Ok 100k 300k500k 1M 3M. 


Rp — Base resistance — 2 




















REET ei ae Ree Fig. 8 An example of switching time—Rg characteristic. 


Ry — Load resistance — 2 


Fig. 7 An example of switching time—R|_ characteristic. 


177 





3-5 Frequency Response 

When a photocoupler is used in analog mode, the frequency response becomes important. As CTR varies 
with a change in the input current IF, and it becomes important that under what conditions good frequency 
response is required. Figure 9 shows the frequency response when the general collector current Ic is chosen as 
reference. Figure 10 shows the frequency response when the forward currents IF, IF (p-p) on the LED side are 
chosen as references. 
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Fig. 9 A sample of frequency response, with collector current as a reference. 




































1.0 — ae 
measured sample CTR:105% R, =68 2 
> measuring condition eee poe =) 
t 0.8) | 217 mA, Ip(pp)=B mA FR =100 2 
a Vec=5 V. Rp: & (open) 
Bi O.Gpacaneics Spoons toner 7 a oe -—--4 
o 
2 
B04 aos 
@ 
ira 
0.2 ——--- ee + - 4 
ol 


ee o 
1k 5k 10k 50k 100k 500 k 
f — Frequency — H2 


Fig. 10 A sample of frequency response, with forward current as a reference. 
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NEC APPLICATION NOTE 





TERMINOLOGY AND CHARACTERISTICS 
OF HIGH SPEED PHOTO COUPLERS 





1. Introduction 


Since photocouplers convert the input electrical signal to light before taking out the output electrical signal, 
they posses the features of having hardly any electrical coupling and high insulation resistance between the input 
and output, and one way signal transfer characteristics. For this reason they are employed as: 

(1) Interfaces between high and low voltage circuits. 
(2) Noise eliminators. 
(3) Replacements for relays and pulse transformers. 

Up to the present, photocouplers with phototransistor or photodarlington outputs have been used most 
frequently. However, since the response time of such photocouplers is from about 5ys to several hundredyps, 
their applicable fields are limited when it comes to data transmission systems or the interfaces of computer and 
terminal equipment where high speed response is required. 

In high speed photocouplers the response time has been reduced by 1 or 2 orders, compared to conventional 
photocouplers with phototransistor output. 

NEC’s high speed photocouplers are available in the P-N photodiode + amplifying transistor output types, 
PS2006 and PS2006(1), and the P-N photodiode + linear amplifier + Schottky transistor output type, PS2007. 
The outputs of the PS2006 and PS2006(1) are analog and digital, and that of the PS2007 is digital, and they are 
available for the following uses: 

(1) Feedback circuits of switching regulators. 

(2) Interfaces between computers and terminal equipment. 
(3) Line receivers. 

(4) Interfaces between data transmission systems. 

Now, since the high speed photocoupler is a new device and it’s terminology is not well known, the character- 
istics, terminology, and methods for measurement of PS2006, PS2006(1), and PS2007 high speed photocouplers 
are written below. 


2. Absolute Maximum Ratings and Electrical Characteristics. 


The absolute maximum ratings and electrical characteristics of the PS2006 and PS2006(1) are shown in 


Table 1. 
Absolute Maximum Ratings. (Ta = 25°C) 


Sara et 


Input 


Reverse voltage 
Power dissipation 








Supply voltage _| 0.5 to +1 5 
Output terminal —~0.5 to +15 





voltage 
Output current 














3000 
~-55 to +100 
—55 to +125 
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Electrical Characteristics. (Ta = 25°C) 


J sna [___Gondions [WIN TVP_[WAX, 


[input Characteristics | sd 
Forward voltage IF=16mA 1.43 1.7 Vv 


Reverse current IR VR=5V On| 10 
AVF/AT 


| 10 
ae 
fieeca 


V=0, ETM a 
Eo 


ial 
ove 3 | 500 | nA | 
a 



























Forward voltage 
temperature coefficient 





Terminal capacitance 
Output Characteristics 
High level output current 


Ct 



































IF=OmA, Vcc=V0=5.5V 
IF=OmA, Vcc=Vo=15V 
Vo=5V, Io=3mA 


IOH(1) 
High level output current 1OH(2) 
DC amplification factor hFE 


























Transfer Characteristics 
Current transfer ratio 









IF=16mA, Vcc=4.5V, Vo=0.4V 
IF=16mA, Vcc=4.5V, 
1Q=2.4mA/1.1mMA 

IF=16mA, VoQ=open, Vcc=15V 











Low level output voltage’ 






















Low level supply current 








High level supply current 








50 
poor | 1 | HA | 
Insulation resistance = 1012 ae ae 
input-output capacitance V=0, f= 1MHz 0.7 ae ae 
Propagation delay time IF=16mA, VCc=5V (eee 
(H > L) Ri=1.9kQ/4.1kQ2 
Propagation delay time tPHL IF=16mA, Vcc=5V 0.3/0.8 |0.8/1.5| ys 
{L—>H) ical RL=1.9k2/4.1kQ He cl had 


Values shown by / in Table 1 indicate the values for PS2006/PS2006(1). 
Table 1. 











The absolute maximum ratings and electrical characteristics of PS2007 are shown in Table 2. Since the light 
receiving chip of the PS2007 is a temperature compensated IC, the principal electrical characteristics are estab- 
lished for a temperature range Ta = 0 — 70°C. 

Absolute Maximum Ratings. (Ta=25°C) 


Forward current IF | 10 | mA | 
5 


Reverse voltage 
Output 

Supply voltage 

Output terminal 














voltage 
Output current 





Enable voltage 


Power dissipation 85 
Insulation votlage 3000 
Operating temperature 0 to 70 
Storage temperature —55 to +125 
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Electrical Characteristics. (Ta = 0 to 70°C) 
Finputcheractersies ———SiPSSCTCSC—“‘;CSCS~dCSC*”d 

Forward voltage Ip = 10mA, Ta = 25°C | | 
[Reverse current [In| Va= SV, Ta = 25°C irae 
V=0,f= 1MHz ad 











[utput cheractarstis [| 


Vcc = Vo = 5.5V, IF = 250nA 30 250 pA 
VE = 2.0V os 

Vcc = 5.5V, VE = 2.0V 04 0.6 Vv 
IF = 5mA, lo = 18mMA i 


Low level supply current ICCL Vcc=5.5V, Ve= 2V, IF=10mMA | =| 10 «| 18 | mA | 
High level supply current ICCH Vcc=5.5V, VE=0.5V, |F=OmA | | 7? [16 | mA 

















Electrical Characteristics. (Ta = 25°C) 


Symbol Conditions 
Transfer characteristics fee leew tie: Saleen 
[Current tansferratio [CTR | I= 5mA,VcG=BV.Au= tom] | 600 | | 


Insulation resistance R1~2 Vin-out = 1kV 
Input-output Capacitance C12 V =0, f = 1MHz 


Propagation delay time (HL) le = 7.5mA, Vcc = 5V 
Propagation delay time (L>H) RL = 3502, CL = 15pF 
Enable Propagation delay time|tEHL IF = 7.5mA, Vcc = 5V 
Ry = 3502, VEH = 3V 
Enable Propagation delay time Ci = 15pF 











Table 2 
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3. Functions. 


3 — 1 Functions of PS2006 and PS2006(1). 
















Output 
Pin No. 
1 
2 Anode 
Input 3 | Cathode 
4 
5 
6 


Output 7 
8 


Fig. 1 Functions of 
PS2006 & PS2006(1) 





3 — 2 Function of PS2007. 


Input Output 


Pin No. | Function 
1 NC 
2 Anode 
| Input 3 Cathode 
4 
5 
6 
Output 7 
me 8 








NC 
GND 

Vo 

VE 
Vcc 


Fig. 2 Function of PS2007. 
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The functional diagram of the PS2006 and PS2006(1} is shown in Fig. 1. 
The light emitting diode (LED) operates in the current mode, and should be 
driven by a current or voltage source so that the specified current flows 
through it. 

The light of the LED is received by a P-N photodiode, and the photocur- 
rent generated here becomes the base current of the amplifying transistor. 
The output is an open collector circuit, and usually a load resistance R_ is 
connected between Vcc and Vo. The No. 7 pin, VB terminal, is employed 
only for special uses such as the injecting of an external electrical signal or the 
inserting of resistances or capacitances, and is not required for ordinary uses. 


The functional diagram of the PS2007 is shown in Fig. 2. The light of LED 
driven by the current is received by the P-N photodiode of the light receiving 
IC. The generated photocurrent is amplified by the internal linear amplifier to 
drive the Schottky transistor of the final stage. Since the Schottky transistor 
of the final stage has an open collector output, a load resistance Ri should be 
connected between terminals Vcc and Vo. The VE terminal and the light of 
the LED functionally compose a NAND gate and, the VE terminal is biased 
internally to a high level and so if terminal VE is left open or kept at a high 
level (VE = 2V) normal! operation will be obtained. When the VE terminal is 
made low level (VE < 0.5V), the output will always be at high level. The 
PS2007 is usually used with the VE terminal open. The truth value table of 
the PS2007 is shown in Table 3. In this table, H of input If indicates that IF 
2 5mA, and L indicates that If < 250pA. And, H of the enable voltage VE 
indicates that VE 2 2V, and L indicates that VE <0.5V. 






Table 3 Truth value table of PS2007. 
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4. Terminology, Characteristics, and Measurement Methods. 


Since the terminology, characteristics, and methods of measurement of high speed photocouplers differ 
somewhat from that of conventional photocouplers with phototransistor or photodarlington transistor output 
the main items of terminology, characteristics, and measuremental methods concerning high speed photocoupters 
are written below. 

4 — 1 Insulation Breakdown Voltage, BV 

As shown in Fig. 3, under the environmental conditions of Ta = 25°C and RH 
{relative humidity) = 60%, a specified DC voltage is applied for 1 minute 
between the input and output, with all input and output terminals connected in 
parallel respectively. 

Failed photocouplers will show such phenomena as a current of more than 
0.5mA flowing between the input and output, failed characteristics after the 
insulation breakdown voltage test, or the destruction of the plastic mold. 





Fig. 3 Measurement Method of 
Insulation Breakdown 
Voltage. 


4 — 2 High Level Output Current, IQyH. 

The method of measuring IQH is shown in Fig. 4. 

The high level output current IQH is the leakage current which 
flows in the final stage of output, when IF = OmA in the case of the 
PS2006 and PS2006 (I) types, and when I¢ = 250pA in the case of the 
PS2007. IOH corresponds to the ICEOQ of phototransistor output or 
photodarlington transistor output type photocouplers. 

In the case of the PS2006 and PS2006(1), when designing circuits it 
is necessary to give consideration to the temperature characteristics of 
the photocouplers within the operating temperature range. In the case 
of the PS2007, the standard for IQH is determined for the temperature 
Vcc=5.5V range of O°C to 70°C, therefore, circuit design should follow this 
standard. 

The temperature characteristics of IOH for the PS2006 and 
PS2006(1) are shown in (a) of Fig. 5, and that of the PS2007 in (b). 





(a) PS2006, PS2006 (1) 





(b) PS2007 
Fig. 4 Measurement of IOH 


1000 1000 
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High level output current IOy (nA) 





—25 0 25 50 75 100 
Ambient temperature Ta (°C) Ambient temperature Ta (°C) 
(a) PS2006, PS2006(1) (b) PS2007 


Fig. 5 IoH Temperature Characteristics. 





4-3 Current Transfer Ratio, CTR. 





(b) PS2007 
Fig. 6 Measurement of CTR. 


4 — 4 Low Level Output Voltage, VoL. 


Ip=16mA 
—— 





(b) PS2007 


Fig. 7 Measurement of Low 
Level Output Voltage. 





The current transfer ratio shows the proportion of output 
current !Q which flows against an input current IF and is 
defined as: 


CTR(% =O 100(%) 

In the case of the PS2006 and PS2006(1), the CTR is a 
fundamental parameter of design, and careful consideration 
should be given to the CTR when designing circuits. 

The method of measuring the CTR of the PS2006 and 
PS2006(1) is shown in (a) of Fig. 6, and that of the PS2007 
in (b). When using the PS2007, the CTR is not a fundamental 
parameter in design. 


The output current IQ is specified as Io =2.4mA and 
1.1mA respectively for the PS2006 and PS2006(1), therefore, 
in the case of the PS2006(1) standard TTLs cannot be driven 
since this value is smaller than the —l|_ = 1.6mA of standard 
TTLs. However, since the —lj, of LS TTLs is 0.4mA, these 
may be fully driven. 

The method of measuring the low level output voltage of 
the PS2006 and PS2006(1) is shown in (a) of Fig. 7, and that 
of the PS2007 in (b). 
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4 — 5 Low Level and High Level Supply Currents, Icc_ and CCH. 


The low level supply current ICC is the current dissipated 
within the light receiving element, when the logic output is in 
low level. In the case of the PS2006 and PS2006(1) this is 
equal to the photocurrent generated by the P-N photodiode. 
In the case of the PS2007 it is the sum of the photocurrent 
and the current dissipated in biasing the internal amplifier. 

The high level supply current 1CCH is the current dissipated 
the light receiving element, when the logic output is in high 
level. 

The method of measuring the IccL and ICCH of the 
PS2006 and PS2006(1) is shown in (a) of Fig. 8, and that of 
the PS2007 in (b). 


Vec 
© 








(b) PS2007 
Fig. 8 Measurement of 
ICCL and ICCH. 


4 — 6 High Level Enable and Low Level Enable Currents, Ey and !EL. 


The high level enable current IEW is the current which 
flows out of the enable terminal VE when the enable terminal 
is brought to high level (VE = 2.0V). And the low level enable 
current IEL is the current which flows out of the enable 
terminal VE when the enable terminal is brought to low level 
(VE =0.5V). 

The mothod of measuring IEH and EL is shown in Fig. 9. 





Fig. 9 Measurement of IE} and IE_. 


4 — 7 Propagation Delay Time, tpy_ and tp y. 


Propagation delay time tpH. is the time required for the output to change from high level to low level, and in 
the PS2006 and PS2006(1) is the time from the zero point of a pulse input, which has a rise time that can be 
disregarded, to the point where the output drops to 1.5V. In the PS2007, the tpH__ is the time from the 50% rise 
point of a pulse input, which has a rise time of 5ns, to the point where the output drops to 1.5V. tpH is the 
time required for the output in a low level to reach 1.5V, after the pulse input has disappeared. Methods for 
measuring the tpH_ and tpLH of the PS2006 and PS2006(1) are shown in (a) of Fig. 10, and those of the PS2007 
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(a) PS2006, PS2006(1) tPHL tPLH 
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350mV (IE=7.5mA) 
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PW = 1ys Ig 
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\— monitor oO 
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CL includes the capacitances of the probe and wiring 
and is about 15pF. 


(b) PS2007 TPHL tPLH 
Fig. 10 Measurement of tpHL and tpLH. 


4 — 8 Enable Propagation Delay Time, te. and te LH. 


Enable Propagation delay 
time is the propagation delay 
time when a pulse input: of 
VEH=SV is applied to the VE 
terminal. The method of 
measuring tEHL and tELH is 
shown in Fig. 11. 





Fig. 11 Measurement of teHL and tELH 
5. Application Methods. 


5 — 1 Application of the PS2006 and PS2006(1). 


Application shall be described, employing the PS2006 as an example. When the input LED is driven by a TTL, 
as shown in Fig. 12, a standard TTL capable of flowing an If current of over 16mA through the input LED 
should be used. 

R1 is acurrent limiting resistance, and since, 


Vcc — VOL— VF _ 5V—0.4V —1.43V 
IF 16mA 


180Q is taken as the value of Rj. 

Since the lower limit of the CTR of the PS2006 is 15%, an 
output current of IQ = 16mA x 0.15 = 2.4mA will flow. Since 
this output current IQ must be larger than the sum of the cur- 
rent 14 flowing in the load resistance R\_ and the sink current, 
—ljU = 1.6mA, of the standard TTL, 


Ri= = 1982 





Fig. 12 Application of the PS2006. 


Vec-V 
loz ln +(-NL) ae Tie (-IWL) 


from this, 


lo — (—ltL) 2.4 — 1.6 
thus 5.6kQ. is taken for the value of RL. The above calculations are for the case when Ta = 25°C, but when 
actually designing circuits the changes due to the aging degradation and the temperature characteristics of the 
CTR should be taken into consideration. 
For example, if it is assumed that the CTR will drop by X% compared to its value at Ta = 25°C due to 
temperature within the operating temperature range and, in addition, that the CTR will drop by Y% due to aging 
compared with its initial value, the output current Io will become: 


RL2 
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CTR (%) 100 — X 100 — Y 


lo= LIE x Soo gy) * eg) * ee} 


and design should be performed taking this current value as the worst case. 
5 — 2 Application of the PS2007. 


Vec=5V An example of an application of the PS2007 is shown in 
Fig. 13. The method of driving the input of the PS2007 is 
similar to that of the PS2006. Since an output current of 
1d = 13mA can be obtained when IF = 5mA, if standard TTLs 
are considered to be the load and it is assumed that the fan-out 
is N, then, 

1.6mA x NS 13mA 
from this it can be seen that a load of up to N = 8 standard 
TTLs can be driven. This load of 8 standard TT Ls is equivalent 
to a load resistance of about 3502. 
The load resistance is determined as follows: When the number of the TTLs of the load is N, then, 





Fig. 13 Application of the PS2007. 


Vec-—V 
lo2 N- (=p) + SG 


thus, 


Vec— VIL 


RL2 Ig <N(HHIL) 


The switching action will be more reliable, the larger Ri_ is taken within the range that no misoperation occurs 
due to IOH. 


6. Precautions on the Use of Photocouplers. 


6-1 

Since the PS2007 incorporates a high gain linear amplifier, its operation may become unstable due to varia- 
tions in the power supply of the light receiving side. Therefore, a capacitance of over 0.01jF should be inserted 
between the Vcc and GND terminals. This capacitance should be placed near the PS2007, and a capacitance for 
high frequency use will be the most effective. 
6-2 

If the operation of the PS2006 becomes unstable, employ the same method as that for the PS2007. 
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NEC APPLICATION NOTE 





APPLICATION HINTS FOR PHOTOINTERRUPTER 





1. Abstract 


This report describes the application hints for photointerrupters. 

A rough sketch of a photointerrupter is shown in Fig. 1. Infrared light beam from a light emitting Diode (D7) 
travels on light path and arrives at a phototransistor (Q1). Then, Q4 gets current energy which is useful for 
signal transfer. If the light path is interrupted it is impossible to transfer the light signal to Q4 from Dj. 
Q 1 can not get current energy any more. So, we can use this characteristic for photointerrupter as a non- 


contact switch. 
Light path K 
—_—e____ 
Dy f | Q, 


(Light emitting diode) (Phototransistor) 
Fig. 1 A rough sketch of a photointerrupter 


2. Photointerrupters 


PS4001, PS4003, PS4005 are mass produced now. These devices are not the same in the external shapes, 
but their electrical characteristics are very similar. The cross sections of these devices are shown in Fig. 2. 


a 
: : 


External shapes 
(cross section) 





* Each of these devices uses an infrared LED and a darlington phototransistor, 


Fig. 2 NEC Photointerrupter Family 
3. The application as a photointerrupter of a combination of LED and a photo-detector. 


When the space does not permit to use an assembled photointerrupter an equivalent one can be obtained by 
combining discrete devices (LED and a photo-detecter). 


(Light) 
A —$—$——» 


(Light emitting) (Light receiving) 
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External shape 


oe | Pal Bw 


Visible red light | sriocc | ae SR110 
Infrared light SE302A *SE303 SE304 
Single eer 
phototransistor PH102 105 PH104 
Darlingt 
phototransistor 


* Under development (For detailed specifications, please refer to catalog). 






A 








(Light emitting) 







B 







(Light receiving) 


Table 1. Application of Single Elements to Photointerrupters 


4. Application hints for designing photointerrupter circuits 
This section describes application hints for designing photointerrupter. 
4-1 Current transfer ratio 


When IF is the current through the LED (D1), and Ic is the current through the phototransistor (Q1), we can 
get CTR (note 1) as follows; 


lc | (light) {tc 
CTR= x 100 (%) .......... (1) 
D, Qy 
(note 1) CTR is an abbreviation of current transfer ratio. Fig. 3 Current transfer ratio 


We have now two materials for Dj, one is a red LED and the other is an infrared LED. At the same current, 
the light emitting efficiency of the infrared LED is 3 to 5 times higher than that of the red LED. 

As for the wavelength sensitivity of Si phototransistors, the sensitivity in infrared region is 2 to 3 times better 
than that in red region. So, an infrared emitter is the most suitable one for a photointerrupter. 






Wavelength characteristic of the sensitivity 
of a Si phototransistor. 











50 








Relative sensitivity — % 














500 600 700 900 1 000 
See te —nm 
Fig. 4 Relative Sensitivity Characteristic of a phototransistor 
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4-2 Output Level 


We can calculate the output voltage in reference to Fig. 4. At first, |— passing through the LED is shown as 
follows. 


Vi-VE 
Pee cagasugues 


Ve is the forward voltage drop of the LED. At infrared LED, 
Ve = 1.1 V (at IF = 20 mA), at red LED (GaAsP) VF = 1.6 V (at If = 20 mA). 


Assuming CTR is 7(%), the output level of the phototransistor which is ON state is as follows; 


feted | ae eens (3) 
“. Vout = Ri x Ic 
=RLXxIFxn 


“aE (V1— VE) X 1 eceseseee (4) 





Vi; V2 
Vout 
GND GND 


Fig. 5 Example of Photointerrupter circuit 


{f R1 and R@ are selected so that the output level Vout > V2, it is in a saturated condition. And if Rj and Ra 
are selected so that the output level V2 > Vout > GND, it is in a nonsaturated condition. In case of using the 
latter condition, the periodical check of the system is required due to the variation of CTR. In general, we can 
not recommend to use a photointerrupter in nonsaturated linear condition. If the use of a photointerrupter in 
linear condition is required, please contact us beforehand. 
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4-3. Temperature dependence of CTR 


At a constant current output power of a LED decreases as the temperature increases, while at a constant bias 
voltage the sensitivity of a phototransistor increases as the temperature decreases. 

Fig. 6 shows examples of temperature characteristics of CTR comparing when a single photo-transistor or 
a darlington photo-transistor is used as a receiving element. 





SE304+PH 103 











Relative values 




















—20 0 
Ta — Ambient Temperature —°C 


Fig. 6 Temperature Characteristics of CTR 


4-4 CTR versus the distance between the LED and the phototransistor 


Since brightness is inversely proportional to the distance, the brightness will become 1/n2 when the distance 
from a point light source increase by n times. Now, when a LED is approximated to a point light souse and 
the distance to the phototransistor is d, then 


1 
fre) 


Fig. 7 CTR vs. distance 


The typical characteristic of CTR vs, distance is shown in Fig. 8. This data is made of SE304 and PH103. 
500 








300 





200 























CTR —% 












































Fig. 8 CTR vs. distance characteristic 
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4-5 Life test characteristic 


Excellent circuits cannot be designed, unless, at the time of designing, the change in characteristics due to 
aging of the components are fully understood. As shown in Fig. 9 to Fig. 12, in the case of photointerrupters, 


except the change in the CTR, the change of other characteristic due to aging do not present any particular 
problems. 

















340 670 1 000 
t— Test time —H t— Test time — H 
Fig.9 Ve Life Test Data Fig. 10 ICEQO Life Test Data 





CTR (%) 











0 168 340 670 1000 ue 0 168 340 670 1000 
t— Test time — H ’ Test time — t 
Fig. 11 CTR Life Test Data Fig. 12 VCE (sat) Life Test Data 


4-6 Switching Speed 


When a shielding object cuts the light path ON and OFF at high speed, unless the switching speed of the photo- 
transistor fully responds to this speed. We cannot get the output signal that the object cuts the light path. 
PH102 and PH104 which are single phototransistors have high switching speeds, tr and tf +5 ys (at RL = 


100 9). PH101 and PH103 which are darlington phototransistors have a switching speeds, tr and tf +200 to . 
500 ys (at Ry = 100 22). 
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4-7 Switching Speed vs. Load Resistance 


PS4001 has a switching speed characteristics shown in Fig. 13. Fig. 14 and Fig. 15 show the characteristics of 
switching speed of a single phototransistor PH104 and a darlington phototransistor PH103 under sinusoidal 
wave light. 
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PT SN Test circuit for frequency characteristics 
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Fig. 14 Frequency characteristics of a single phototransistor 
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Fig. 15 Frequency characteristics of a darington phototransistor 
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4-8 Shielding Characteristic 


The relationship between the moving distance of the shielding object and the output voltage, when the inter- 
rupter moves across the light path, is also an important point to observe when designing photointerrupter 
circuits. 
When the object moves 0.5 mm to 0.6 mm, the output level of PS4001 turns from “H” to “L’’, as shown in 
Fig. 16. 


Shielding 
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Sm 

i as 

Es 
+0. 
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Transfer efficiency (relative value) 

















x (mm) 
Fig. 16 Shielding characteristics of PS4001 


The shielding characteristics are considerably different between the flat surface phototransistor and the lens 
effect surface one as shown in Fig. 17. 


io Shielding object 
xX 






Flat surface 





Lens effect surface 
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I 
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i} 
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] 
Output level 





Lens effect surface ; , 
| Ve Lens effect surface Moving distance of the object 


Flat surface Flat surface 


Fig. 17 Shielding characteristics due to surface states 


In the case of plane surfaces, the output level can be reversed by moving the object only fromb toc, But, in 
the case of lens effect surfaces, it has to be moved from a to d in order to reverse the output level. That is to 
say, though the CTR will become larger when a lens effect is given to the surfaces, the movement of the 
shielding object in order to cut off the light path will become longer. 
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4-9 Reduction of Power Consumption 


In standard photointerrupter circuits, a continuous DC current flows through the LEDs. However, recently, 
with the popularization of microcomputers, the control of equipment has begun to be performed by logic 
signals. Under such circumstances, a method can be considered in which a pulsive current timed by the CPU 
(note 2) is passed through the LEDs and judgment of the output signal is performed by the CPU. When the 
equipment becomes large, this can be considered to be an effective method. 

(note 2: CPU is an abbreviation for central processor unit) 


5, Ultrahigh Speed Photointerrupters 


The switching speed of single photo transistors is about 5 ps with a load resistance of 100 22. In order to com- 
pose a photointerrupter having a higher speed, it is necessary to employ an avalanche or PIN photodiode as the 
light receiving element. Diodes of these type usually have a switching speed of a few to several tens of 
nanoseconds, thus they can be used for most applications. The only problem that needs attention when 
designing is that, due to the low photosensitivity, high gain amplification is required for the minute cur- 
rent (or voltage) generated. 


6. Ultrahigh Breakdown Voltage Photocouplers 


!n photo interrupters, the signal is transmitted by the shielding object moving across the light path, but in 
photocouplers the signal is transmitted by turning ON and OFF the current flowing ‘through the LED. At 
present, the breakdown voltage between the input and output circuits of photocouplers available in the 
market is about up to 4 kV. When a higher breakdown voltage is required, by inserting a transparent insulat- 
ing material between the LED of the light emitting side and the phototransistor of the light receiving side a 
photocoupler of higher breakdown voltage is obtained. 


Transparent insulating material 


LED Phototransistor 


Fig. 18 Application to ultrahigh breakdown voltage photocoupler 
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NEW HIGH-FREQUENCY TRANSISTOR PACKAGE 
“DISAMOLD” 





— Its Construction and Applications — 
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INTRODUCTION 


Diskmold transistors are small disk type active elements designed for use in TV tuners and CATV sets. A 
typical example of small disk type active elements we have so far is microdisk transistors (housed in ceramic 
packages), which have been used in large volume in the fields of applications to VHF - UHF TV-tuners and high- 
density mounting of hybrid integrated circuits, etc., because of their special features that is the availability of 
varieties of types for entertainment applications ranging from low frequency to UHF frequency, distinguished HF 
characteristics and compactness. Meanwhile, plastic mold transistors (such as TO-92) featuring much lower cost, 
higher stability, and higher reliability have been also employed widely for entertainment use. Although microdisk 
transistors are still used widely, mainly in TV tuners, as compact, flat package devices with excellent high-fre- 
quency characteristics, market requirements for price and quality are becoming more exacting. Under these cir- 
cumstances, we have just succeeded in developing diskmold transistors replaceable with microdisk transistors 
used so far. 


1. FEATURES OF DISKMOLD TRANSISTORS 


(1 


— 


{2 


(3 


(4) 


(5) 


Diskmold transistors developed provide the following features. 


With a compact, flat package and T-shaped leads, the diskmold transistors have excellent RF characteris- 
tics because of their low RF losses, small stray capacitances and lead inductances as microdisk transistors. 


Being housed in compact packages, diskmold transistors have small space factors and are most suitable 
for high-density mounting. 


Microdisk transistors use low-melting point glass for sealing and may somehow be subject to thermal 
stress and mechanical shocks and vibration depending on the usage. Diskmold transistors employ resin 
encapsulation and have improved strength against thermal! and mechanical stresses ensuring ease of 
handling. 


In spite of their compact packages diskmold transistors employ such resin as has a strong adhesiveness 
between the resin and metal (leads), achieving as high reliability as that of conventional plastic molded 
transistors such as (TO-92). 


The specification of diskmold transistors specifies them to be easily replaceable with conventional 
microdisk transistors. 


2. CONSTRUCTION AND MANUFACTURING METHOD 


2-1 


Package Construction 


Figs. 1 and 2 show the package coristruction of diskmold transistors. Their packages are formed 
with disk-shaped resin of 1.8 mm in thickness and 3.8 mm in diameter as typical values. Diskmold tran- 
sistors are available in two types, one having three leads (Fig. 1) and the other having four leads (Fig. 2) 
as in the case of microdisk transistors. 
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PACKAGE DIMENSIONS (Unit: mm) 








x +L o.6s - He o6s 
S MARKING S MARKING 
ite) N wo Oo N 
N (oo) N = oO 
S 
oO 
$4.0 MAX, $4.0 MAX, 


Fig. 1 DISKMOLD Transistor Fig. 2 DISKMOLD Transistor 


with 3 Leads with 4 Leads 
Connectors 

DISKMOLD DISKMOLD Field Effect 
Transistor (Fig. 1) Transistor (Fig. 2) Transistor (Fig. 2) 
1. Base 1. Base (or Emitter) 1. Gate 2 

2. Emitter 2. Emitter (or Base) 2. Gate 1 

3. Collector 3. Base (or Emitter) 3. Source 

4. Collector 4. Drain 


2-2. Construction and Manufacturing Method 


(1) Construction 


Figs. 3 and 4 show the interior construction (models) of 3-lead and 4-lead diskmold transistors, 
respectively. 
The active element (chip) of Fig. 3 is mounted on the lead ribbon of lead 3 and is connected through 
the electrodes of the chip to leads 1 and 2 by inner wires (gold wires). Fig. 4 shows the construction of 
such a type that has an improved RF characteristics by providing lead 1 between leads 2 and 4 (where 
leads 1 and 3 are shorted to each other). 
The package is molded with an uninflammable epoxy resin. Leads are made of steel dipped by solder 


with a lead-tin solder. 


Marking nameplate 







Internal 
connecting wire 


resin 


Fig. 3 Interior Construction of 3-Lead 
DISKMOLD Transistor 


1a0 


Fig. 4 Interior Construction of 4-Lead 
DISKMOLD Transistor 


Marking surface 


Internal 
connecting wire 








(2) Manufacturing method 

The method of manufacturing diskmold transistors is based on the manufacturing method of con- 
ventional microdisk transistors and small-signal mold transistors. To produce diskmold transistors, 
first prepare the lead frame (ribbon), then insert the lead frame into an automated element manufac- 
turing equipment for chip mounting by a special solder and interconnection of the electrodes of the 
chip and external leads (ribbons) with Internal Connecting wires, and resin shielding is made semi- 
automatically by batch processing, as shown in the flow diagram of Fig. 5: 
Then, after effecting stabilization of high-temperature aging, etc., the leads are cut and DC items (and 
AC items when required) are all selected by an automatic selector. After this, rejection of defective 
products and classification of products by performance characteristic are performed and marked. This 
completes all process of manufacturing diskmold transistors. 


Solder, Lead Frame 
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Fig. 5 Manufacturing Process 
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3. APPLICATIONS AND TYPES OF DISKMOLD TRANSISTORS 


For discrimination from the existing microdisk transistors and equivalent, diskmold transistors have 
product nomenclature with (B) as shown below, except for new products. 


Example 


2SC1070 rection’ She ens. Bt et Microdisk transistor 
2SC1070 (B) Diskmold transistor 


TABLE 1 


Structure 


Application 


Absolute Maximum Rating (Ta=25°C) 


Electrical Characteristics 





VcBo 
(v) 


VcEO 
(v) 


VEBO 
(v) 


Ic Pr 
(mA) |(mW) 


qj 
FC) 


Rank vs. 
Marking 


le 


lpss. 
hee or lAGC 


Con- 
dition 


Cob 
(pF) 
TYP. 





Si N-ch 
Dua! Gate 


MOS FET 


VHF band 
RF amplifier 


(BV psx) 


20 


(Vgis) 


+10 


(VG2s) 


+10 


(Ip) 


20 


+ 


17 ~ 25mA 
9~ 19mA 
7~11mA 


lpss 
Vps=6V 
Veis=0 
VG2s2=3V 


(Crss) 


0.03 





Si N-ch 
Dual Gate 
MOS FET 
d/2-Tuner 


UHF band 
RF amplifier 


(BVpsx) 


(Vg2s) 


(Ip) 


25 


pss 
Vps=10V 
Vei1s=0 
Va2s=4V 


(Ciss) 
2.3 





Si N-ch 
Duai Gate 
MOS FET 
4/4-Tuner 


UHF band 
RF amplifier 


20 +10 | +10 


(BV psx) 


20 


+10 


(Ip) 


25 





IDSs 
Vps=10V 
VGis=0 
VG2s=4Vv 








NPN 
Si 
Ep 


VHF band 
Oscillator 


15 


100 ~ 200 
60 ~ 120 


NFE 
VcE=10V 
Ic=5mA 





2SC288A (1+B)* 


NPN 
Si 
Ep 


UHF 
Oscillator 


100 ~ 200 
60 ~ 120 


nee 
VcE=10V 
Ic=5mA 





2SC288A (5+8)* 


UHF 
Oscillator 


100 ~ 200 
60 ~ 120 


NFE 
VcEe=10V 
Ic=5mA 





2SC605(B)* 


VHF band 
Mixer 


100 ~ 200 
60 ~ 120 


hFE 
VcEe=10V 
Ic=3mA 





2SC606 (B)* 


VHF band 
RF amplifier 


IAGC 
le at 
PG—30dB 





2SA983 


Si 
Ep 


{ 


i UHF band 

RF amplifier 

(with forward 
AGC) 





1AGC 
IE at 
PG—30dB8 





2SC1070(B)* 


—_|_ 
UHF band 
RF amplifier 
(with forward 
AGC) 


IAGC 
le at 
PG—30dB 





2SC2353 


UHF band 
Mixer and 
Oscillator 


100 ~ 200 
60 ~ 120 


KFE 
VcE=10V 
Ic=10mA 





2SC2368 


UHF/VHF 

CATV 
Low-noise 
amplifier 


NFE 
VcE=10V 
Ic=10mA 





2SC2369 





UHF 
(Microwave) 
band 
low-noise 











* Replaceable with conventional microdisk transistor 








hFE 
VcE=10V 
Ic=20mA 




















4. ELECTRICAL CHARACTERISTICS 


The method of determining the absolute maximum rating and electrical characteristics of diskmold 
transistors is the same as the method for determining those of microdisk transistors. Diskmold transistors 
differ from microdisk transistors in that plastic packages used to increase allowable power loss and thus pro- 
vide more margin in circuit design. 

Tables 2 and 3 give general performance characteristics of diskmold transistor and other existing similar 
transistors for comparison. Fig. 6 shows parasitic elements of adiskmold transistor. 


TABLE 2 General Performance Characteristics of DISKMOLD Transistor and Other Similar Transistors 


Type of Operating Power Junction Storage 
Transistor Frequency Dissipation Temperature Temperature 
_ Se ee 
DISKMOLD $3.8x1.8 


: ~ 200mW ~ 125°C —55 ~ +125°C Plastic 
Transistor mm 


Size Package 





ane 





Microdisk ~ 150°C _65 ~+150°C $3.5x1.5 
Transistor mm 


+} 
Signal Mold 


Transistor 250 ~ 600mW —55 ~ +125°C 5x5x4.0mm Plastic 
(TO-92) 


Ceramic 























TABLE 3. Stray Capacitances between Terminals of Transistors for Comparison 


Ce (1-3) 





DISKMOLD 


Transistor SPE 


3-Lead 
Transistors 





Microdisk 


Transistor Osler 





DISKMOLD 


FET 0.13pF 





i a 
4-Lead DISKMOLD Internal 


Transistors Transistor Short 


— 


Microdisk H Internal 
Transistor Short 














Signal Mold 
Transistor 

















Note 1: Cec (1-2) denotes stray capacitance between leads 1 and 2. Figures in { ) correspond to those 
given in Figs. 1 and 2. 


Note 2: Terminal No. of signal mold transistor are: Terminal 1 (emitter), Terminal 2 (collector), and 
Terminal 3 (base). 
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0.02pF 


Base © O Emitter 





Collector 


Fig. 6 Parasitic Elements of DISKMOLD Transistor 


Allowable power dissipation and thermal resistance 


In general, allowable loss P+ is given by: 


TjMAX, - Ta 


P+ = 
i R 


th 


where Tjmax. is the maximum junction temperature, Ta the ambient temperature, and Rp the thermal re- 
sistance of the device. 

The thermal resistance of a diskmold transistor in free air is 0.5°C/mW. 

Fig. 7 shows data of allowable power dissipation of a diskmold transistor. 
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P+ — Total Power Dissipation — mW 
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Ta — Ambient Temperature — °C 


Fig.7 PT vs. Ta 


5. RELIABILITY 


The reliability of diskmold transistors has been confirmed by a similar evaluation method as used in 
evaluating plastic mold transistors. 
In general, plastic mold, type transistors differ from hermetic sealed transistors (metal canned, microdisk 
transistors) in modes of failure. 
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That is, plastic mold type transistors differ from hermetic sealed transistors in the following three properties. 
(1) Moistureproof property , 
(2) Thermal stress 
(3) Mechanical strength 


5-1 Moistureproof Property 


The damproof property of plastic mold products depends greatly on the properties of the resin in 
use. Moisture absorption of resin increases leakage current and when moisture reaches the chip, charac- 
teristic degradation or wire breakdown due to melting of electrodes may be caused. 

Diskmold transistors use such a resin that provides an excellent adhesiveness between the resin and 
metal (between leads), achieving nearly equal moistureproof property as that of conventional signal 
mold transistors despite of their compactness. 


5-2 Thermal Stress 
Thermal stress causes expansion or contraction of resin, giving stress to internal wirings. 
Gold wires are used as internal wirings of diskmold transistors. Gold wires are sufficiently strong to 
withstand expansion and contraction of the resin in use. A new bonding method is introduced in addi- 
tion to the improvement in strength against thermal stress which is a demerit of microdisk transistors. 
5-3 Mechanical Strength 


Mechanica! strength depends on the adhesiveness between the resin and metal (between leads). 
Diskmold transistors use a resin of higher adhesiveness and improved lead frames to achieve much higher 
mechanical strength than conventional microdisk transistors and thus can be used without anxiety. 


5-4 Reliability Control Procedure of DISKMOLD Transistors 


Reliability control of diskmold transistors is effected by the procedure shown in Fig. 8. All control 
data are properly feed back to respective processes to establish systematization for maintaining high- 


stability performance. 
pare tonstie Warehousing Shipment 
Sorting 


Assembling 
Test ios af 
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Shock, Boiling, and Terminal 
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Operational Life, 
High-Temperature Storage, 
Low-Temperature Storage 
and High-Temperature/ 

High-Humidity Storage 








Fig. 8 Reliability Control Procedure 


5-5 Reliability Test Data 


Reliability tests of diskmold transistors are performed every month regularly. These tests are 
mostly acceleration tests and some test items are evaluated by their limits. Relationship with. actual 
operating condition can be assured by field data, and we are willing to file test data for submission to 
customers on request. 
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TABLE 4 DISKMOLD Transistor Reliability Test 


Test Item 


Test Condition 








— 
Physical 


dimensions 


Strength of 
Marking 


Solderability 
Solder dipping 


Temperature 
cycling 


Thermal shock 


Terminal 
strength 


Salty water 
spraying 


Boiling 
Operating life 


High- 
temperature 
storage life 


Low- 
temperature 
storage life 


High- 
temperature/ 
High humidity 
storage life 





Physical dimensions shall 
meet spec. 


After dipping in chrolothene 
for 5 min. and drying for 10 

sec. by natural drying, tightly 
rub 5 times. 


Dipping in melt solder at 
230°C (eutectic solder) for 
5 sec. using flux. 


Dipping in melt solder at 
260°C (eutectic solder) every 


10 sec. using flux. 


High temp.: 125°C, 30 min. 
Low temp.: —55°C, 30 min. 


High temp.: 100°C, 5 min. 
Low temp.: 0°C, 5 min. 


Force application to lead: 
225g, 90° bending 


Temp.: 35°C, 
Salt concentration: 0.6% 


Temp.: 100°C with city water 


Continued application of 
power with allowable loss 


Temp.: 125°C 


Temp.: —55°C 


Temp.: 60°C, 
Humidity: 90% 
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Test 
Duration 


30 cycles 


10 cycles 


3 times 


24 hours 


24 hours 


1000 hours 


1000 hours 


1000 hours 


1000 hours 





Criterion Items 


Out of spec 


Marking 
disappears or 
not. 


Solderability 


Characteristic 
degradation 


Characteristic 
degradation 
ditto 

Breakdown of 
lead 

Rust on lead 
Characteristic 
degradation 


ditto 


Rust on lead 
Characteristic 
degradation 








Test Data (2SC1070 (B}) HHT) 


10 
x a MAX. 
oe x XK ___,, xX 
< 
< 
— Me 
9 1 x: a, MIN. 
L 
0.1 
0 340 670 1000 
Time (Hr) 


Fig. 9 Aging of Icgo 


Mechanical Strength Test Data 


; oes 
Tension Ta= 25°C 


Tension 


Degree 





1.0 2.0 3.0 4.0 5.0 
Strength (kg) 


Fig. 11 Tension Strength 


90° Bending 





Fig. 13 Bending Strength 
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NFE 


200 


Degree 





oO 
| 


x——X 


| oe 


at Vce = 10V 
lo = 3mA 
MAX. 
x x x 
x 
x xX x 
MIN 
x x x 
340 670 1000 
Time (Hr) 


Fig. 10 Aging of hee 


t 


Tension 


Tension 


0.5 1.0 1.5 2.0 
Strength (kg) 


Fig. 12 Tension Strength 


Ta= 25°C 


2.5 


6. MOUNTING METHODS OF DISKMOLD 


Although diskmold transistors can, of course, be mounted as conventional transistors, they allow intro- 
duction of many other new mounting methods. Some examples of mounting diskmold transistors mainly 
on a printed circuit board are given hereunder. Variations of these examples of mounting may be considered. 


6-1 Mounting of Transistors in Conventional Method 


(1) Mounting on front side of printed circuit board 

Diskmoid transistors can be mounted as easily as in the case of other conventional transistors, as 
shown in Fig. 14. In this mounting method, however, it is sometimes reported that because leads are in 
ribbon form short and project to three (four) different directions, they will not readily be inserted into 
the printed circuit board. Meanwhile, NEC has mounting jigs which allow a transistor to be easily 
mounted into a printed circuit board for microdisk transistor use. The special features of these jigs are 
in tweezers with a bent tip, a lead shaping jig, and a roller for bending leads. Examples of mounting 
methods are shown in pages 14 ~ 17 for reference’s sake. 


Other Component 







Crosssectional View 
of Printed Circuit Board 






Printed Circuit Board 





wor Is 


F Soldering 
So 


Rear of Printed Circuit Board 


Fig. 14 Mounting on Front Side of Printed Circuit Board 


(2) Mounting on Rear of Printed Circuit Board 
This method of mounting allows the best use of the outside shape of the diskmold transistor while 
still using the conventional printed circuit board. By this mounting method, space on the surface of the 
printed circuit board can be saved completely. It required a considerable time to solder the three (four} 
leads with a soldering iron. If it is possible to fix these leads in advance to the printed circuit board by 
adhesive or a like, the solder dipping method may be employed. It has been confirmed that the transis- 
tor proper may be dipped in melt solder. 


Other Components 







Printed Solder 
Circuit 
Board 





Copper Foil 





Lis 


i — 1 A 
Eirr2w,hiii&iihnaaas 


a—— Printed Circuit 
Board 


DISKMOLD Transistor 


(a) Soldered on Rear of Other Components (b) General Use of Rear Side 
Fig. 15 Mounting on Rear of Printed Circuit Board 
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6-2 Mounting of DISKMOLD Transistor by Partially Processing Conventional Printed Circuit Board for Tran 





sis tors 


(1) In this mounting method, a diskmold transistor is mounted embedded ina hole, as shown in Fig. 16. 


Since the diameter of the transistor is 4.0mm maximum, the diameter of the hole should be approx. 
4.3mm. It is also allowed to arrange the transistor upside down. 


Other Component 





DISKMOLD Transistor 


Fig. 16 Mounting by Embedded in Printed Circuit Board 


(2) Other Methods 


Mounting by seating diskmold transistor in a shallow hole made on printed circuit board as shown in 
Fig. 17 or mounting as shown in Figs. 18 and 19 are allowed. These mounting methods contribute to 
efficient use of space on the front or rear surfaces of the printed circuit board. Use of adhesive for 
fixing the transistor may facilitate soldering work. - 


Connected with Other 






Seal _ DISKMOLD Transistor Component 
Printed 
Printed Circuit 
Board 
LIKSSG 
Fig. 17 Mounting by Seating Transistor on 
Shallow Hole on Printed Circuit Board Fig. 18 Mounting by Erecting Transistor 


7. CAUTIONS IN HANDLING 


In general, various restrictions impose ‘in handling transistors. Misoperation may cause breakdown or 


quality or reliability degradation. So ratings given in the specification must be met. 
Environmental requirements and cautions to be taken upon handling diskmold transistors are given here- 
under. 


7-1 


Mechanical Strength 
For maintaining the performance and reliability of diskmold transistors, avoid as much as possible 
twisting leads. For shaping a lead, fix it at the foot and shape it to avoid the stress at the sealing. 


Soldering Temperature and Flux 

The semiconductor device solder thermal resistance requirements set out in JIS C 7021 are: 10 
seconds at 260°C and 3 seconds at 350°C. These limits should not be exceeded in soldering. 
Among various soldering fluxes, rosin flux is most recommendable. Use of inorganic flux (such as zinc 
chloride) would require cleaning after solder dipping to avoid the degradation of reliability of the device 
applied. 


Cleaning 

After completion of soldering, flux should be washed away by using such a solvent as alcohol, 
chlorothene and Freon but dipping for a long time would result in vanishing of the marking and should 
thus be avoided. When other components are not influenced, ultrasonic cleaning may be emptoyed as 
rigidness is achieved by using resin encapsulation but in this case the cleaning condition should be set as 
moderate as practicable. 
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7-4 Fixation by Resin, etc. 
When fixation by resin or a like is employed after mounting the transistor to the printed circuit 
board in the case of thin-film IC, heat or gas generated upon hardening may give undesirable influences. 
Resin protection may be accomplished by using epoxy and silicone. 


AN EXAMPLE OF MOUNTING OF DISKMOLD TRANSISTOR 


Described hereunder is an example of mounting a diskmold (microdisk) transistor developed by NEC. 
Use of this mounting method will greatly reduce time required for mounting when compared with the 
mounting method of a single-ended transistor and thus save labor for assembly. 


PHOTO 1 





Photo 1 


In this mounting method, lead shaping can readily be made and after mounting the diskmold tran- 
sistor on the printed circuit board, the leads can be fixed bent at a time on the rear rise by means 
of a roller. The mounting jigs comprise: 

(1) Tweezers (of which the tip is so processed that facilitates taking up a diskmold transistor) 
(2) Lead former 

(3) Roller for bending leads on the rear side. 
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Photos 2 and 3 


PHOTO 2 





Taped diskmold transistor is removed from tape 
by tweezers and wrapped. Tweezers be such that 
are processed so as to facilitate picking up disk- 


mold transistor. 
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PHOTO 4 





Fig. 19 


Acrylic lead bending jig 


Photo 4 and Fig. 19 


Diskmold transistor picked up by tweezers is 
passed through lead shaper (by pulling up transis- 
tor). 


PHOTO 5 PHOTO 7 





PHOTO 6 PHOTO 8 





Photos 5 and 6 Photos 7 and 8 
Leads of diskmold transistor are inserted into Diskmold transistor with leads inserted into holes 
holes on printed circuit board. on the printed circuit board is depressed by a 


finger. 





PHOTO 9 PHOTO 11 





Photo 11 


PHOTO 10 On the rear of printed circuit board the leads are 
bent and diskmold transistor is fixed. 





Photos 9 and 10 


Printed circuit board is slided on the roller while 
securing the diskmold transistor with a finger. 
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NV. K¢ : APPLICATION NOTE 


FEATURES AND APPLICATIONS OF 1SV77 (PIN DIODE) 





The 1SV77 is a low-cost PIN diode that operates as 
a high-frequency variable resistor with a good linearity 
when its dc biasing current is changed. It is suitable for 
applications in high-frequency signal attenuator and 
high-frequency switching circuit of consumer use. 

This application note describes the features of PIN 





diodes and the application examples of 1SV77. d 
Cathode 


1. PIN DIODES AND THEIR FEATURES Fig. 1 Vertical Type PIN Diodes 
PIN diode is a diode having a high resistive region 
called |-layer (intrinsic semiconductor layer) between 
P and N regions of aPN junction. The behavior of the alae cade 
I-layer provides the PIN diode with the following 
remarkable features of high-frequency resistor element. 
1) When forward current flows through a PIN diode, the 


high-frequency impedance of the diode has little 





reactance component and the diode acts as a pure J 
resistor with very small distortion. Substrate 
2) This high-frequency resistance can be adjusted largely 


. : ig. P i 
and continuously from several kiloohms to several big. 2 1 Tatelel type PIN Biodks 





ohms by changing the diode forward dc current from 














several microamperes to several milliamperes. 5.2 MAX. 
3) When the diode is reversely biased, the terminal es) 
capacitance is very small due to the existence of = 
I-layer and, hence, a good isolation is obtained even war 
in a very high frequency region. ea $ = 
:x Qe 
a3 "3 
2. STRUCTURE, PACKAGE DIMENSIONS == ne 
S : 
AND PRECAUTIONS FOR USE OF 18V77 =8 2 
Since formed in a lateral type PIN arrangement as we 
shown in Fig. 2 which is different from conventional Si 
vertical type PIN structure (see Fig. 1), 1SV77 has a at 
good productivity. The plastic molding shown in Fig. 3 = * 
has largely reduced the cost. == 
NO 
st 
og 
1. Anode EIAJ : SC-43 
2. Substrate JEDEC: TO-92 
3. Cathode JEC >: PA33 


Fig. 3 Package Dimensions in millimeters (inches) 
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3. CHARACTERISTICS OF 1SV77 10 






























































































































































Ww 
Figs. 4, 5 and 6 show the impedance characteristics, Hy con 
the frequency characteristics, and the capacitance 8 TT | 
isti s 11 
characteristics of 1SV77, respectively. Fig. 7 compares 6 
IMD (intermodulation) of this PIN diode with that of a 8 ill lil 
= 1 HH eaeeae 
PN-junction diode (1S953). With this PIN diode, the @ 
. : : me € aa ee 
third order intermodulation (IM3) is improved by 40-50 5 eas Ea +44 Ht 
dB F maltl ai Hi 
01 1 10 100 
Fi VrR—Reverse Voltage—V 
8 
oO v Fi - ee 
a - ig. 6 Capacitance Characteristics 
oS 2 > 
© ed 
> 6 9 
2 3 8 
8 a 8 
@ 63 
Ww oz 
s es 
aa 38 Test Circuit 
| fl 
2 63 






















































































0.001 0.01 0.1 1.0 10° 
Ip—Forward Current—mA 
: ee 1.2kQ 
Fig. 4 Impedance Characteristics 
to Spectrum 
Analyser 
(Zin=50 Q) 
Ip=4.0 mA 
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rg—High Frequency Resistance—2 











IM3—Third Order Intermodulation Level—dBuV/75 a 
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= _ é/ ed 
[I poo Ne 
= > 
an ie ef 
ae ae 20 f é 
ime é / 
ale : 
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Ee ees 
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Fig.'7 Intermodulation Comparision of 1SV77 with 
1$953 (PN Junction Type Diode) and Test 
Circuit 





f—Frequency—MHz 


Fig. 5 Frequency Characteristics 
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4. TYPICAL APPLICATIONS 

As examples of using 1SV77 for consumers’ applica- 
tions, circuits such as high-frequency signal attenuators 
for car radio receiver and signal switching circuit for 
VTR are described on this paragraph. 


4-1 Attenuator for Car Radio Receiver or the Like 

As a Countermeasure Against Too Strong Input. 

In recent front-ends, the IMD, produced by broad- 
casting stations whose carrier frequencies are arranged in 
integer multiples to each other, is considered to be of 
importance. The electronic tuning system, in particular, 
tends to suffer from distortions due to strong input 
because the tuner circuit employs variable capacitance 
diodes which are nonlinear elements, and hence, a 
deterioration of the set performance characteristics 
results. In order to avoid this distortion, an attenuator 
to be switched on the front panel is provided before the 
antenna tuning circuit. This arrangement has a difficulty 
of long signal line drawn inside the set to cause an 
interference to other parts of circuit. However, when 
PIN diodes are employed instead, the following merits 
are produced. 

1) The attenuator circuit can be localized to antenna 
input stage only. 

2) The attenuator can be controlled by dc current. 

3) Automatic attenuation can be realized by providing a 
controlling circuit. 


Fig. 8 shows an example of a m-type attenuator with 
input/output matched to 752 by using three PIN 
diodes, The attenuation can be varied from 1 dB to 27 
dB. (The designed attenuation: ATT=1~30 dB) 

Fig. 9 shows the intermodulation characteristics of 
the set with this attenuator. 


+8 V 






2 200 pF 
INPUT 


762 


OUTPUT 
76 2Q 


Fig. 8 7-Type Attenuator 


IM3—Third Order Intermodulation—dB 


S/N—S/N Ratio—dB 


ae 


S+N 


A. \ ee 


"S66 mA Ip=0.025 mA 





PIN ATT. 


— 


with PIN ATT. 





-—10 0 


10 20 30 40 50 60 70 80 90 100 
Vis—fs Input Level—~dBuV/75 2 
Viu,—fu, Input Level-dBuV/75Q 
Viu,—fu, Input Level—dBuV/752 


Block Diagram 





Test Condition 

fs=98 MHz, fmod=400 Hz, fdev=22.5 kHz 
fu, =98.8 MHz 

fu,=99.6 MHz 

by IHF method 


Fig. 9 S/N Ratio, IMD Characteristics and Test 


Method 


Fig. 10 shows an example of unmatched attenuator 


using only one PIN diode. Fig. 11 shows its character- 


istics. 
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INPUT 
2 200 pF " 
Vp=1.5~7.5 V if 


750 2 
Vp=8.0 V 


10 wH 
to ANT, 


Fig. 10 Attenuator Used with One PIN Diode 











‘ S+N 
x iM; 
—10 o* Z oN 2 oe = 
—20 “R10 mA De \ : yor 





‘e 
without PIN \, 
ATT, “~~e———. 


with PIN ATT. 


—x— 





~10 0 


10 20 30 40 50 60 70 80 90 100 
Vis— fs Input Level—dBuV/75 2 
Vui—fu1 Input Level~dBuV/75 2 
Vu2—fu2 Input Level—dBuV/75 2 


IM3—Third Order Intermodulation—dB 


S/N—S/N Ratio — dB 
by 
rs) 


Fig. 11 S/N Ratio and IMD Characteristics Due 
to Fig. 10's Circuit 


4-2 Signal Switching Circuit for VTR or the Like 
Home-use VTR‘s switches video/TV by means of 
mechanical high-frequency switch on the VTR’s set. 
The switch can be replaced with a PIN diode switch 
such as shown in Fig. 12(a) or (b), resulting in the 
following improvements. 
1} The switch can be localized in the antenna circuit. 
2) The control can be done by only switching dc bias. 
Fig. 13 shows the.respective attenuation characteristics, 
These switches can be applied to various VHF-band 
switching circuit such as antenna switch of TV game as 
well as to VTR. 


Output 
2, 000 p 1000p 






(b) a 
1 000 p 1000p 1000p 
Input 104 F° Input 2 
1 000 p 


+15 V or -—15V 


Fig. 12 Switching Circuit Use with PIN Diodes 














_ e o—_, J nsertion Loss 
_4 SES 
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8 ° Due to Fig. 12 (a) 





a —Oo Due to Fig. 12 (b) 
ai 
9 8 
ro) 
a / 
c a e 
S 5 40 
BE 
8 % Isolation 
7 
Ql 
Qs 





50 


100 200 300 500 


f—Frequency—MHz 


1000 


Fig. 13 Attenuation Characteristics Due to Fig. 
12’s Circuit 


4-3 Combination with a Transistor Reverse AGC 

In order to reduce PIN diode resistance to several 
ohms, usually a current of several milliamperes is fed to 
the diode. But, in portable sets where no ample margin 
of power is expected, a countermeasure against strong 
input is taken by flowing RF amplifier current through 
the PIN diode and by applying AGC to the transistor 
base, The following merits are obtained in this arrange- 
ment. 
1) Current for PIN diode can be omitted. 
2) Power for AGC can be reduced. 
Fig. 14 shows a circuit combined with 2SC1674. Fig. 
15 shows the intermodulation characteristics of this 
circuit. 
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1SV77 2SC1674 





INPUT 100 P APE 
50 2 


OUTPUT 
50 2 


2202 6.8 HH 


VAGC +8V 


Fig. 14 Circuit of Combination with a Transistor 
Reverse AGC 


without Diode 


Q -30 with PIN Diode 
l x 
5 \ Test Condition 
g —20 \ fg=105 MHz, 70 dBu 
3 wor fy=115 MHz, fmod=1.0 kHz 
f 
i x mod, =30 % 
xs) 
zi 
lon) 
a 





a 
70 80 90 100 
Lint—Interfering Signal Level—dBu 


Fig. 15 Intermodulation Characteristics Due to Fig. 
14’s Circuit 
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NEC APPLICATION NOTE 


TYPICAL APPLICATION OF 2SA983 TO RF AMPLIFIER 
OF UHF TV TUNER 


.1. GENERALS Its ff high and it exhibits a good frequency 
2SA983 is a PNP epitaxial silicon transistor characteristic. Because of small input/output feedback 

developed principally for RF amplifier of UHF TV capacitance, its performance is very stable. 

tuner. The following description will explain the character- 
Features of this transistor include the applicability istics of 2SA983 used for RF amplifier of UHF TV 

of AGC in the same direction as in VHF MOS FET. tuner. 


2. TYPICAL RF AMPLIFIER USING 2SA983 









OUTPUT 
Ly L2 502 
INPUT 2SA983 BoP 
aoe 50p 50p Unit 
R: 2 
RF 
0~20p e 0~20p C: F 
330 
30mm 5mm 
to00P IF] 1000p a 
+VceE +Vacc 0.5mm Ly,L9 


Material: Copper Plate 
Fig. 1. Application Circuit 


3. CHARACTERISTICS OF RF AMPLIFIER 
USING 2SA983 















































Gp—Power Gain—dBuV/50 2 





NF—Noise Figure—dB 

















5 0 
400 500 600 700 800 900 =6©1000 
f—Frequency—MHz 


Fig. 2 Power Gain and Noise Figure vs. Frequency 


NEC cannot assume any responsibility for any circuits shown or represent 
that they are free from patent infringement. 

NEC reserves the right to make changes at any time without notice in order 
to improve design and supply the best product possible. 218 
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Fig. 3 Power Gain and Noise Figure vs. Emitter Current Fig.4 1% Cross Modulation Characteristics 


4, RELATIONSHIP OF hfe OF TRANSISTOR controlled by the voltage applied to the base (VAGc). 
WITH AGC AND AGC CHARACTERISTICS For a certain value of le, VAGC is dependent on the 
Fig. 6—8 shows the AGC characteristics of base resistance (Rp) and the emitter resistance (RE) of 

2SA983. the circuit shown in Fig. 5 as well as on hFE of the 


Power gain is controlled by I~ which is in turn transistor. It is expressed by the following formula. 






















































































0 
CG 
Q 
VCE © 10 
> 
23 
® f 650 MHz 
req, = 
Re 5 Vce=10 V, 
8 R 
yin - 3 VAGC . 
ac 
c 20 Rp 
Vv Rg | é 
por is R_E=300 2 Const. 
a @ 5 Rg=1k2 
X 5+ RR=3 kQ 
Ai Rg=5k2Q 
Fig. 5 Calculation of AGC Voltage 30 





4 5 6 7 8 9 10 
VaGc—Automatic Gain Control Voltage—V 


Fig. 6 AGC Characteristics for Various Base Resistances 
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RG—Gain Reduction—dBuV/50 2 
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6 
VAGc—Automatic Gain Control Voltage—V 


7 8 


Fig. 7 AGC Characteristics for Various Emitter Resistances 


VcE— VAGC = !ERE+ Vee + IBRB, 
where |p = |E/(1 +hfFE). Therefore, 


RB 
VAGC = VCE — VBE — !E (RE + 74 hee). 


The formula tells that, for the same VAGc applied, 
ig varies with hfe. Hence, with transistors having the 
same IAGC (IE at power gain of —20dB) but having 
different hFe’s, the values of VAGc are different. 

The effect of hFE on AGC characteristics is the more 
enhanced for the larger Rg and for the smaller Re. 
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VaGc—Automatic Gain Control Voltage—V 


hfeeE—DC Current Gain 
Fig. 8 Influence of hFE on AGC Voltage for Various Rg Values 


When hee is considerably large, the effect is not marked 
any longer. 

Therefore, in order to protect the AGC characteristics 
from the effect of hFE variations, it is recommended to 
select small Rg (about 1 kQ) and large RE. Concerning 
transistor characteristics, it is better to select one with a 
large hFE. 

NEC sets the standard value of hFE to 60 or larger 
for reducing the influence of hfe variation as far as 
possible. 
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APPLICATION NOTE 


TYPICAL APPLICATION OF 2SC2353 
FOR UHF TV TUNER MIXER 


1. GENERALS 
2S8C2353 is an NPN epitaxial 
developed principally for mixers of UHF TV tuner. 


silicon transistor 


Provided with features such as high gain bandwidth 
product fT and wide current characteristics, it is the 
most suitable for mixers. 

The following descriptions will explain the character- 
istics of 25C2353 used in a mixer of a UHF TV tuner. 


2. TRANSISTOR MIXERS 

A transistor mixer performs frequency conversion 
on the principle that the signal voltage ug is applied to 
the emitter junction of the transistor in series to the 
oscillator voltage vg and the input conductance of the 
transistor is periodically varied by Uo. 

The 


amplified by the transistor and only the IF component 


IF voltage generated on the input side is 
is selected by the output side IF tuning circuit and 
delivered to the next stage. 


The merit of transistor UHF TV tuner mixer lies in 


ANT 7 












interstage loss (*) 






Gp1=10 dB 
NF4=4.5 dB 


Local 


MIXER 


Ge3=10 dB 
NF3=10 dB 


its higher power gain by 20 dB than that of diode mixer, 
provided that a conversion gain (Gch) of the transistor 
mixer is assumed to be 10 dB and a conversion loss of 
the diode mixer to be 10 dB. 

In addition, noise figure (NF) of the transistor mixer 
is reduced concurrently. 

The power gains and NF for a diode mixer and for a 
transistor mixer can be estimated as Fig. 1 and Fig, 2. 
since 

Fo—1 Fa-1 Fa-—1 

FOFi+—Gy— + Gn09 tO G763 

NF of transistor mixer tuner is calculated as 
2(3 dB) — 1 
F = 2,82(4.5 dB) +70(10 dB) 


10 (10 dB) — 1 
10(10 dB) x 0.5 (—3 dB) 


1.78(2.5 dB) — 1 
+ 70(10 dB) x 0.5 (3 dB)x10(10 dB) 





=474, 











Gp4=20 dB 


© 





(*) The NF value is assumed to be equal to the 
interstage loss which is estimated as 3 dB. 


Fig. 1 Gp and NF Distribution of Transistor Mixer 
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Interstage loss 


RF 
Gp1=10 dB 
NF4=4.5 dB 


Local 


Fig. 2 Gp and NF Distribution of Diode Mixer 


Ge3=—-10 dB 
NF3=10 dB 
















Gp4=20 dB 


O 
NF 4=2.5 dB IF OUT 





NEC cannot assume any responsibility for any circuit shown or represent 


that they are free from patent infringement. 


NEC reserves the right to make changes at any time without notice in order 


to improve design and supply the best product possible. 


and 


and NF = 10 log 4.74=6.75 dB. While, for diode mixer 
tuner, 


2-1 10-1.  1,78—1 
F = 2.82+749 + 70x0.5 * Tox0.x0.1 ~ &28 


NF = 10 log 6.28 = 7.98 dB. 


The power gains of tuner are 37 dB and 17 dB for 
transistor mixer and for diode rnixer, respectively. 
The results clearly demonstrate the superiority of 


transistor mixer tuner to diode mixer tuner. 


3. CHARACTERISTICS OF UHF TV TUNER 
MIXER USING 2SC2353 
The characteristics of a UHF TV tuner mixer using 
2SC2353 will be described below. The circuitry is as 
illustrated in Fig. 3. It is a base-grounded, emitter-input 
and emitter injection type and its IF is 35 MHz. The 
actual circuit constants have been shown in Fig. 4. 


Fig. 5 shows the local level vs. Gcb and Ic relation- 
ship, Note 1) 








< 
% 15 6 ¢ 
jf gt 
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Tl ay ane 2-5 
g as 
< 5 INPUT 900 MHz, 80 dBuV/502|* 2 
9 Local 935 MHz, 18 
Vv = 

20 CE=10 V 0 b 
oO 95 105 115 


Vo—Local Oscillator Level—dBeV/50 2 


Fig. 5 Conversion Gain and Collector Current vs, Local 
Oscillator Level 


note 1) 
local level ......... The output power of the local oscillator. 
In the experiment, the local oscillator is 
substituted by an SG (signal generator), and 
the SG output is used as the local level. 
Alle iesectesns The bias current (Ic) variation due to local 


signal injection. 


When the local level is 105 dBuV or more, Gcb is 
saturated, Gcb cannot be increased any more by raising 
Fig. 5, 6 and 7 show the Gcb, NF 
relationshop to current and frequency response. Fig. 6 


the local level. 


tells that Gcb reaches the maximum at Ic of about 10 
mA and NF is good for Ic of 3-8 mA, When 2SC2353 
is used as an RF amplifier, its NF is about 4.5 dB for 
Ic of 3-8 mA. This means that the NF reduction by 


Fig. 3 Emitter Input and Injection Type Mixer for Base 200Ut 9 dB is experienced when the transistor is used as 






Ground 
IF OUT, 502 (f=35 MHz) 
2SC2353 7 620150 p 1000 p 
1000 p 100 p 
RF IN, 50 2 LOCAL IN, 502 


S 





j 

Y " Unit 
“AY 2 R:Q 
y C: F 
Y} 2 
“10 p : ~10p 5 
~50k 9481/40 v) i" 

Te eee 

19 mm-—| 


Fig. 4 Application Circuit 
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Fig. 7 Conversion Gain and Noise Figure vs. Frequency 


The intermodulation (IM) "te 2) shown in Fig. 8 is 


as good as 53 dB for a small current (lc=1 mA). 
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Fig. 8 Intermodulation vs. Collector Current 


note 2) 

When f1 (899.5 MHz) and fg (900.5 MHz) are input to RFIN 
of the mixer, third order distortions 2fy—fg (898.5 MHz) and 
2fg—f1 (901.5 MHz) are produced. fosc (935 MHz) is input to 
those signals to convert then into IF signals. The level difference 
(x dB) between the converted outputs and the third order 
distortions is called intermodulation (IM). 


f1'=35,5 MHz LOCAL 











fg'=34.5 MHz Input Signal | fy=899.5 MHz 
x dB f9=900.5 MHz 
3rd order ——S £._.=935 MHz 
distortion 3rd order distortion Ose 
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f1f2 fose 


fo’ f1' 


Fig.9 Definition of Intermodulation 


IM—Intermodulation—dB 





But this condition is not favorable because Gcb is 
small there. Hence the optimum current range for Geb, 
NF, and IM is limited to 3-8 mA. Furthermore, if a 
local level, which is so small that Gcb is not saturated 
as shown in Fig. 5, could be selected as the optimum, 
it would be favorable. But, the constancy of the local 
level cannot be maintained in UHF band having a very 
wide bandwidth. 

Therefore the local level should be set to a point 
where G cb is hardly affected by the local level variation. 
This means a local level setting ina region where no Gcb 
increase takes place in spite of possible local level rising, 
namely in the region of Gcb saturation. On the other 
hand, too high local level is meaningless because of 
increase in radiation from the antenna. Therefore, the 
recommended local level setting in conditions shown 
in Fig.5 would be 110-115 dBuV, where the bias 
current increment (Alc) is 1—2 mA (for RE=620Q). 

Fig. 10 shows the characteristics of the intermodula- 
tion and the collector current versus local oscillation 
level. Fig. 11 shows. the input to output characteristic 
of the mixer along with the IM characteristic. 









INPUT f1=899.5 MHz, 80 dBuV/50 2 


60 fg=900.5 MHz, 80 dBuV/50 2 


7 ft - 
€ 
ae 
Local 935 MHz = 
50 a 5 2 
Vce= 10 V : 6 5 
40 oenncnememens © 4 9 
30 3 2 
a) 
20 2 8 
10 1 rs 

0 0 
90 100 110 120 


Vo—Local ‘Oscillator Level—dBuV/50 2 


Fig. 10 Intermodulation and Collector Current vs. Local 
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As the input level is increased, the output level and 
IM are also increased. Typically, 10 dB increase of the 
input brings about (10 dB increase of the output and) 
20 dB deterioration of IM. Further increase of the input 
would finally equate the IM level to the output level. 
(Actually, the transistor must be saturated and it is 
impossible that the IM level becomes equal to the output 
level). This point is called intercept point; IP (refer to 
Fig. 11). When this IP is known, the IM value for any 
input or output level can be obtained through the 
following formula. 

[Third order intermodulation (IM)|= 2(IP-Pi), where 
Pi is the input power. The input level at the intercept 
point of 2SC2353 is read as 103 dB. So, for an input 
level of 80 dBuV, IM=2(103—80)=46 dB. 

From the above reasoning, a typical condition re- 
garded as optimum is Vcc=10 V(15 V is also usable) for 
bias and Ic=5mA. Then Ic includes an additional 
current increment (Alc) of 2 mA due to the local signal 
injection. Therefore the biasing circuit should be set to 
have Ic of about 3 mA before hand. 

The final circuit arrangement for the experiment is 
shown in Fig. 12. 

Vec=10 V 


VB 


VBE = 
R2 Re 


Fig. 12 Biasing Circuit 


© RE = 620 Q (since Alc has been measured at Re of 
620 Q). 
© VB-— VBE = 620x3x10 9=1.86 V, 
and for VE of 0.78 V, Vp = 1.86+0.78=2.64 V 


R 
o Using a relationship VB- AGED Vec, R1=5 kQ 
for Ra of 1.8 kQ. 


The characteristics of the mixer are; at input level of 
80 dBHV and local level of 115 dBuV (Alc of 2 mA), 


Conversion Gain 2 Gof csssesesecees 12 dB 
Noise Figure NFS ° sekecivscdins 9.6 dB 
Intermodulation : IM uw. 46 oB, 


Fig. 13 and 14 show UHF RF amplifier circuit use 
with 2SC2353 and Gpb, NF characteristics due to 
Fig. 13's circuit. 
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Fig. 13 Application Circuit for UHF/RF Amplifier 
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Fig. 14 Power Gain and Noise Figure vs. Collector Current 
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APPLICATION NOTE 


TYPICAL APPLICATION OF 3SK74 TO VHF 
TUNER RF AMPLIFIER 


1. GENERALS 

3SK74 is an N-channel MOS field effect transistor 
developed principally for RF amplifier and mixer of 
VHF tuner. 

The transistor has the following features. Because of 
the dual gate structure, its feedback capacitance is very 
small (0.03 pF typical), and, due to its low input 
impedance (1.6 kQ2 typical at 200 MHz) and its large 
gm (20 mS typical), yfs/yrs is large. So the transistor 
works very stably and a high power gain is obtained. 
Its noise figure is very small, too. 

Furthermore, it has an excellent low voltage operating 
and can be used safely in a low power supply voltage 
circuit. 

The following descriptions will explain the character- 
istics of 8SK74 applied to RF amplifier of VHF tuner. 


2. APPLICATION TO RF AMPLIFIER 
The characteristics to be considered generally in RF 
amplifier include stable gain, noise, AGC characteristic, 


and cross modulation. 
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2-1 Stable Gain 

The maximum available gain (MAG) of an element is 
defined as the gain obtainable when the unidirectional 
use and the input/output matching of the element are 
perfectly achieved. {In actual circuit, any design can 
hardly attain MAG practically. The concept of stable 
gain is therefore introduced here. It is a power gain 
obiained in a circuit containing feedback component by 
considering the performance stability. The stability 
index s of element itself is defined through the follow- 


ing formula, 
a 2 ___ 9i-Go 
1+ cos (+f) Ivrl-lyel 





where @ is the phase angle of y parameter. 

When the stability index s of element itself is such 
that s<1, the stable gain is equal to the product of MAG 
and s. (When s>1, the circuit works stably regardless of 
input/output matching conditions.) 

The stable gain will be calculated below by using the 


actualy parameter of 3SK74. 
























gtjb 0.624+j5.67 | 0.01—j0.02 


lylZ@ | 5.705283.8 | 0.0192—62.0 


















unit: mS 
@ Vps=10 V 
ah VGgas= 5 V 
20.4—j9.3 0.31+j2.73 Ip =10mA 
22,4182—24.5 | 2.744283.5 f = 200 MHz 


(Data are measured with products whose Ys values are typical.) 


2 Ji-Go 
S= : 
I+cos (grtof) ” [Yr] -[Y¢I 





2 _ _0.62.0.31 


~ Treos(62-24.5) ° 0.019.224 0-8 
lyfl 2 22,42 
WAG aS 2s . 
Agj-do 4x0.62x0.31 653 (=28.15 dB), 


and 


stable gain =MAG xs, 
(Gp)s = 653 x 0.85 = 555 (= 27.4 dB). 


The result tells that a stable power gain of 27.4 dB 


would be obtained. 


However, in an actual circuit, the Q’s of the loads to 


NEC cannot assume any responsibility for any circuits shown or represent 


that they are free from patent infringement. 


NEC reserves the right to make changes at any time without notice in order 


to improve design and supply the best product possible. 
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the input/output tuning circuits are adjusted in order — 
This 


adjustment adds an insertion loss in the tuning circuits, 


to get the bandwidth required to the circuit. 


and, hence, the measured value of gain is usually lower 
than the calculated stable gain. 
Fig. 1 and Fig, 2 show the measured values of power 




















Gps—Power Gain—dB 
NF-Noise Figure—dB 




















CH—Test Channel (VHF) 
Fig. 1 Power Gain and Noise Figure vs. VHF Channel 


Fig. 3 shows about value 


Gp/Gp(max) 


I 

UJ 

| 

! 
0.85 


Fig. 3 Stability Index 


Thus, it is shown that a very stable and high power 
gain is obtained. 

When 3SK74 is used in an RF amplifier of electronic 
tuning type tuner, the unloaded O of the tuning circuit 
is depressed and the insertion loss is increased as com- 
pared with a capacitance type tuner because a variable 
capacitance diode is used in the electronic tuning circuit. 

The insertion loss in the tuning circuit using a variable 
capacitance diode will be obtained in the following 
manner. Assume the tuned capacitance as 10 pF and 
fs=0.5 Qat 200 MHz. 
diode is 


Qo of the variable capacitance 


Gp(max) 








gain of RF amplifier using 3SK74. The figure gives Gps 
of 22 dB at about 200 MHz. The stability index of the 


circuit is calculated as 


Gp ___ 188.5 (=22 dB) 


= 0.24 


~ 653(=28.15 dB) 
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Gps—Power Gain—dB 
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Vps—Drain to Source Voltage—V 


Fig. 2 Power Gain vs. Drain to Source Voltage 


ie) 


S; Stability index 
for the entire circuit 


Stability index obtained with 
the actual circuit 


1 Stability index of element (s) 


1 1 

© wCrg — 2xx200x10®x10x107!2 x0.5 bits 

When Qo of L used in the tuning circuit is assumed 
140 (which is a value obtained with an R-X meter at 200 
MHz), the Qo of the tuning circuit takes a value 
phe 74.4, When Q1 of ircuit i f 
750+140 = /4-4. en Q, of the circuit is 13.3 (for 
3dB bandwidth of 15MHz and at 200 MHz), the 
insertion loss of the tuning circuit using a variable 
capacitance diode is calculated as 
—1.71 GB. 


QL 13.3 
20 log (4 OQ, ) 720 log (1 Aa 
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On the other hand, for a tuning circuit using a 
capacitor with Qo of 1000, the similar calculation leads 
to Qo of the tuning circuit which is 


1000 x 140 


1000+ 140 > 122-8, 


and the insertion loss which is 


133 
20 log (1 -13:3_) = —1.0 aB. 
og (1-559) 


The difference of the insertion losses of the both 
types of tuning circuits is 1.71 — 1.0 = 0.71 dB which 


means that a larger loss is expected in the tuning circuit 


(Termination 
Impedance) 











having a variable capacitance diode. 


2-2 Noise Characteristics 

Fig, 1 shows the noise figure (NF) of 3SK74, NEF at 
about 200 MHz is 2 dB. 

Generally the condition for the minimum NF is 
Qs>gj (input conductance of element). This condition 


does not coincide with that of power gain matching. 
(The power gain is 22 dB when NF is 2 dB.) 

Fig. 4 represents the input circuit at 200 MHz and for 
NF of 2aB. 


14 pF 
50 2 ey 7 


o{--—— 


g* and we* are equivalent admittance of 50 2 
and 14 pF series-parallel converted, respectively. 


Fig. 4 Equivalent Source Admittance and !mpedance 


The signal source admittance in this configuration is 


calculated below. 


. 2 2 
Ve nN _ _ (we) gree Wc 


Nyt gt+ we)? g? + (we)? 
g jue 


(2xmx200x10°x14x10—1?)?x20x10 ~? 


= (20x10 ~3)2 + (2x7x200x10® x14x107}2 )2 


(20x1073 )?x2xmx200x10° x14x10!2 
(20x1073 )? + (2xmx200x106x14x107!2 )? 


+j 
= 8,73x10-3 + J 9.9x 1073 = 8.73 mS + j 9.9 mS 


This value. is stepped up by L to the signal source 


admittance seen from FET of 


2.5 
(8.73x10 ~> + j 9.9x10°3 )x(G" )? = 3.41x10 3 


+ j 3.86x1073 


= (3.41 mS + j 3.86 mS) 


| 


Os bs 


The real part of the result leads to the signal source 


= 293 2. 


impedance of evan Ee 
3.41x10-3 


2-3 AGC Characteristics 

Among AGC characteristics, AGC range and AGC 
sensitivity are important, AGC range is expressed by 
the difference of power gains for the maximum 


sensitivity and for the maximum attenuation. The gain 
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attenuation capability of an active element reaches its 
limit at the point of equivalence of forward transfer gain 
and reverse transfer gain. 

Fig. 5 shows the AGC characteristics of 3SK74. The 
figure demonstrates that the AGC range is 48 dB. This 
large range is obtained in virtue of a very small feedback 
capacitance due to the dual gate structure of the FET. 

AGC sensitivity is defined by the amount of control 
voltage required for obtaining a certain amount of 
attenuation. 

Since AGC of 3SK74 is a reverse one, the AGC 
sensitivity is almost determined by the pinch off 
voltage of Gate 2. The insertion of a source resistance 
can raise the AGC sensitivity at a reasonable VG? 
(VAGC) value. 

Fig. 5 shows the AGC characteristics with and 


without the source resistance: Rs. 


Vps=10 V 
f=200 MHz 
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+++ With Vari-Cap Di for 
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Fig. 5 AGC Characteristics 


2-4 Cross Modulation Characteristics 

Fig. 6 shows the cross modulation characteristics of 
3SK74. 

Because of a quasi-square transfer characteristics 
which are inferent to FET, the cross modulation at a 
small AGC voltage is for superior to that of bipolar 


transistor, Also, the remote cutoff transfer character- 


DOR 





istics resulted by the dual gate configuration permit no 


deterioration of cross modulation even for a large AGC 
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Fig.6 1% Cross Modulation 


Fig. 7 to 9 provide data with which the dependence 
of the cross modulation to the biasing condition of the 
FET are estimated. Fig. 7 shows the relationship of 
ID to VG1s with VG2s5 as a parameter. Load lines 
coresponding to the source resistances of 50, 200, and 
510 Q at VG1=2V are drawn in the figure. By using 
the load lines, VG1s for any VGQs is obtained. Then 
Gm is obtained from Fig. 8 (Gm vs. VG1S). Fig. 9 shows 
the Gm to VG2sS characteristics when the FET is 
operated of the load lines for source resistances of 50 
200 and 51022 at VG1=2V. The cross modulation 
variations for these operation conditions are demon- 
strated in Fig. 6. 


As the result, it can be said, in general, that the cross 
modulation will depend on the source resistance as 


schematically shown in Fig. 10. 
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Fig. 7 Drain Current vs. Gate 1 to Source Voltage 
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Gm—Forward Transfer Admittance—mS 
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Fig. 8 Forward Transfer Admittance 
vs. Gate 1 to Source Voltage 


Therefore, in order to improve the cross modulation 
characteristics at a large AGC voltage, a larger source 
resistance and a smaller Ip are desirable when the 
distortion produced by FET tends to be deteriorated at 
a larger AGC voltage, and, a smaller source resistance and 
a larger Ip are desirable when the distortion produced 
by FET tends to be ameliorated at a larger AGC voltage, 
on the contrary. 

3SK74 belongs to the latter. But, too small source 
resistance should be avoided because, at a small source 
resistance (about 50 2), AGC sensitivity is inferior and 


much more power is consumed. 
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Qm—Forward Transfer Admittance—mS 
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VG2s—Gate 2 to Source Voltage—V 


Fig.9 Forward Transfer Admittance 
vs. Gate 2 to Source Voltage 


Rs=200 2 
Rs=50 Q 
(Cross modulation characteristic 


curve will shift vertically with the 
source resistance: Rs variation) 


CM—Cross Modulation 


Vu—Undesired Signal Level 


Fig. 10 Cross Modulation Characteristics 


Concurrently, the appropriate biasing condition for 
3SK74 is assumed to be VG7=2 V and source resistance 
of 220 2 at Vps=10 V. The cross modulation charac- 
teristic will then be; 

at full gain, undesired signal level of 

94 dByV/50 2, 

at 30 dB attenuation, undesired signal 

level of 95 dBuV/50 Q, 
at the desired frequency of 200 MHz and the 
undesired frequency of 188 MHz. 
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2-5 Characteristics of RF Amplifier Using O AGC Range .--.s-.s+ 48 dB 


3SK74 (AGC voltage.....+..- 5 to —1 V) 
The characteristics of 3SK74 used in the circuit at 200 MHz. 
shown in Fig. 11 are summarized, with regard to © Cross Modulation 
items up to 2—4. at full gain 94 dB uv /50 2 
© Power Gain (Gps) .--.-....e 22 dB at 30 dB attenuation 95 dBuVv/502 
(stability index of circuit ...... 14.2) for fdes. = 200 MHz. 
at 200 MHz. fundes, = 188 MHz, 1 kHz 
O Noise Figure (NF)... 2 dB at 200 MHz. AM 30 % modulation. 





OUTPUT 502 
INPUT 502 
f=200MHz 
O ; 'e Unit 
VAGC Vppi10Vv) R:2 
C: F 


Fig. 11 Application Circuit 
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APPLICATION NOTE 


TYPICAL APPLICATION OF 3SK74 TO VHF TUNER MIXER 


1. GENERALS 

3SK74 is an N-channel MOS field effect transistor 
developed principally for RF amplifier and mixer of 
VHF tuner. 

The transistor has the features that, because of 
dual gate structure, its feedback capacitance is very 
smail (0.03 pF, typically), and, due to its low input 
impedance (1.6 kQ typically at 200 MHz) and its large 
Ym (20 mS typically), its yrs/yrs is large and very 
stable. Hence a large power gain and a very small noise 
figure are obtained. In spite of a demerit that, when 
FET is used for a mixer, a large local oscillation signal 
injection level is needed for obtaining a satisfactory 
conversion gain since its gm is smaller than that of’ 
bipolar transistor, the merit of large improvement in 
intermodulation characteristics is expected as a sub- 
stantial one. 

The following description will explain the character- 
istics of 3SK74 used for mixer of VHF tuner. 


2. APPLICATION TO MIXER 

In an application of a FET to a mixer (MIX), it is 
expected that the intermodulation and the spurious 
signal are largely reduced because its transfer character- 
istic is Quasi-square as contrasted to the characteristic 
of a bipolar transistor. However, it is necessary to boost 
the local oscillation signal level because the gm of FET 
is small. Usually, a dual gate FET is used in either of 
two ways: Gate 1 input — Gate 1 injection, and, Gate 
1 input — Gate 2 injection. Fig. 1 shows Geg vs. local in- 
jection level characteristics (conversion power gain). In 
Gate 1 input — Gate 1 injection type, the smaller is the 
injection capacitance, the larger is Gcs, On the other 
hand, in Gate 1 input — Gate 2 injection type, the larger 
is the injection capacitance, the larger is Gcs. 
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Fig. 1 Conversion Gain vs. Local Oscillator Level 


These situations can be illustrated below (Fig. 2) by 
interpreting the dual gate FET as the equivalent cascode 


connection of single gate FET’s. 


a) 
SiG IF OUT 
Cc 


LOCAL 
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a’) 
SIG IF OUT 
Re 
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b) 


SIG IF OUT 


LOCAL 


b’) 


F 
SIG IF OUT 


Fig. 2 Interpreting the Dual Gate FET as the Equivalent 
Cascode Connection of Single Gate FET’s 


a) represents a Gate 1 input — Gate 1 injection type 


which is equivalently grounded through the injection 
capacitance and the output impedance of the local 
oscillator. (In the experiment, an SG has been used 
for the local and, hence, the termination impedance 
of the SG was 502. 


impedance will be the output impedance of local 


In an actual circuit, the 


oscillator transistor.) This is equivalent to the Q- 
dumping of the input tuning circuit with Re (im- 
and Ro 


impedance of local oscillator) as shown in a’). 


pedance of the capacitance) (output 
Therefore these R’s should be so increased that they 
can be ignored. This requires the smallness of the 


injection capacitance C. (Refer to Fig. 3.) 
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Fig. 3 Gate 1 Input — Gate 1 Injection Type Mixer Circuit 
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b) represents a Gate 1 input — Gate 2 injection type. 
Gate 2 must not be perfectly RF-grounded because 
Gate 2 should receive local signal. In this configura- 
tion Gate 2 is equivalently grounded via the injection 


capacitance and the output impedance of the local 


3SK74 





RF IN 
502 


LOCAL IN 
502 


oscillator, and these grounding impedances affects the 
feedback capacitance and, hence, Ges. In order to 
have a large Ges, it is necessary to use as large 
a capacitance as possible so that the impedance can 


be ignored. (Refer to Fig. 4.) 
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Fig. 4 Gate 1 Input — Gate 2 Injection Type Mixer Circuit 


Another measure can be conceived that, for ground- 
ing Gate 2 with regard to IF, an IF trap is inserted. 
But experiment has shown that the measure was not 


so effective. 


Fig. 5 shows the Ges vs. VG2 and |p characteristics. 
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Gcs—Conversion Gain—dB 


Ip—Drain Current —mA 
VGa2s—Gate 2 to Source Voitage—V 


Fig. 5 Conversion Gain vs. Drain Current and Gate 2 to 
Source Voltage 


In Gate 1 input — Gate 1 injection type, Ges is not 
so affected by VG? when V G1 is kept constant. Also, 
if VG2 is fixed and VG1 Is varied to vary Ip, the.Gcs 
change is rather slight. In Gate 1 input — Gate 2 
injection type, Gcs experiences a rather large effect of 
VGz2, with VG kept constant. However, Gcs does not 
largely depend on Ip variation caused by V@1 shift. 
Summaries of the above described results are shown in 
Table 1, which lists the characteristics, merits and 
demerits of both Gate 1 input — Gate 1 injection and 


Gate 1 input — Gate. 








Table 1 Comparing with Gate 1 Injection and Gate 2 Injection Type 


CIRCUIT TYPE MERIT DEMERIT CHARACTERISTICS :- 
| TEST CONDITIONS 





® Relatively small dependence | Gcs is smaller Raia Gces=12.4 dB IVps=10 V, Vg9=3.0 V 
on biasing (VGQ2 and Ip). with that of Gate 2 in- |'D=5.0 mA 
GATE 1: INPUT Q The smaller the local injec- | jection type |fRF=200 MHz 
GATE 1: INJECTION tion capacitance, the better | fosc=235 MHz,120 dBeV/50 2) 


(the load for the local osci- 
llator transistor is the |Cinj=1.0 pF 
lighter), | 


Vas 
Intermodulat fRF1=199.5 MH 
ntermodulation RFI Zhan dBuW50 a 
= 63 dB (Refer to fRF2=200.5 MHz 
Fig. 6) fosc=235 MHz,120 dBuW50 


Ges is larger compared with @® Relatively large de- | Gcs=16.4 dB oon Conditions as above 
that of Gate 1 injection type. pendence on biasing except that injection capaci- 
GATE 1: INPUT (VG2 and Ip). tor: Cjpj=33 pF 

GATE 2: INJECTION @ The larger the local ||ntermodulation 
injection capaci- = 60 dB (Refer to 
tance, the better Fig. 6). 

(the load the local 





oscillator transistor 











is the heavier), 








150 TAF 1=199.5 MHz 


fRF2Q=200.5 MHz 
fosc=235 MHz, 120 dBuV/50 2 


hs 
YA 
INPUT vs, 


OUTPUT LEVEL, 


Vo—Output Level—dBeV/50 2 





50 100 150 


Vi—Input Level—dBuV/50 2 


Fig. 6 Iintersept Point 
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Based on the data on Table 1, Gate 1 input — Gate 1 
injection type circuit system is recommended for the 


practical MIX tunner. (Refer to Fig. 7.) 


3SK74 
1p 1000p 13T 3T 100p 
LOCAL IN iF OUT 502 
502 = S tt 
|b 10000 a 
RF IN = Si 
502. © ~20p = Wy 
aT 220 1000p 
~20p ~20p | 
<x tt 
aL 
Sy 
RFC 
Unit 
R: 2 
5.1k 12k 1000p C.F 
Ae O 
Vps(10V) 


Fig. 7 Useful Mixer Circuit 
(Gate 1 Input — Gate 1 Injection Type) 
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